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Preface

This preface places the publication of this Fingerprint Source Book into
context, and represents the situation at the time of writing (October 2011).

The Fingerprint Source Book was not originally intended as an external
publication. It was prepared as an internal reference document, drawing
together all of the information held by the Home Office Centre for Applied
Science and Technology (CAST) regarding internally managed experimental
work on finger mark enhancement techniques. The preparation of the
document was carried out in anticipation that supporting evidence would be
required for validation of the techniques within the Manual of Fingerprint
Development Techniques, as part of the ISO 17025 accreditation of the CAST
forensic laboratories. The original purpose of the document was to
demonstrate to UKAS (the ISO 17025 assessors) and the Forensic Science
Regulator that the processes and sequences outlined in the manual had been
experimentally tested and that the advice presented in the manual was valid.

As CAST and police force laboratories have progressed with the ISO 17025
accreditation process, the Fingerprint Source Book has become regarded as
a more widely important document. Because it provides the validation of the
techniques contained within the manual, and hence the techniques used by
police forces, it has become necessary for the document to be formally issued
and controlled. This means that the data contained within it can be directly
referred to by individual police forces seeking ISO 17025 accreditation, thus
reducing the requirement on police forces to conduct lengthy validation
experiments of their own (although local verification experiments will still be
required). The Forensic Science Regulator has also requested that the data
contained within the Fingerprint Source Book is made publicly available for
reasons of transparency.

The document is now presented for use as a controlled document. It is not
produced as a formal, numbered Home Office document because this is
incompatible with the contents. However, the document has been reviewed by
the Home Office communications team to ensure that fundamental formatting
is acceptable, and a technical review has been carried out covering both
internal and external peer reviews of the contents.

A user of the Fingerprint Source Book should be aware of the original purpose
for which it was prepared. Although it may be a useful source of data for those
wishing to conduct research or learn more about various enhancement
processes, it is not intended to be a text book. It has been prepared for
laboratories that are currently working to the Home Office CAST Manual of
Fingerprint Development Techniques, therefore the principal formulations
described in the source book are those recommended by CAST in the
manual. Less attention is given to formulations produced by other
organisations, and to processes that are not included in the manual.
Significant numbers of the references may refer to reports produced by
students working at CAST rather than external journal publications. The user
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must therefore be aware that it will not always be possible to obtain copies of
every document referred to in the text.

Most sections in the Fingerprint Source Book were last extensively reviewed
in mid-2010. There have been developments in several areas since then, and
CAST has also conducted additional research. It must therefore be
recognised that the information contained within this document may not be
fully up to date, although a review schedule has been put in place for ongoing
maintenance of the document.
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Chapter 1: Introduction

The Fingerprint Source Book is primarily intended to provide the background
and validation for the techniques currently (up to 2011) recommended by the
Home Office Scientific Development Branch (HOSDB), now the Centre for
Applied Science and Technology (CAST), and to publish, in some cases for
the first time, data collected over 35 years of research. It will therefore often
present information in an ‘CAST-centric’ way, emphasising research that was
carried out at Sandridge or Horseferry House, possibly sometimes at the
expense of research carried out elsewhere. It is not the intention of the
authors to ignore the significant contributions made by other research groups
and apologies are made in advance if this sometimes appears to be the case.
The document is also aimed at providing the UK Forensic Science Regulator
and the United Kingdom Accreditation Service (UKAS), which will carry out
ISO 17025 accreditation in the UK, with the background evidence behind the
advice given in the Manual of Fingerprint Development Techniques.

The priorities of CAST in issuing and supporting the Manual of Fingerprint
Development Techniques and the Fingerprint Development Handbook are to
provide techniques that are highly effective, safe to use, and can be applied
by staff who are not necessarily highly-qualified scientists. When developing
formulations the approach is to maintain the effectiveness of the technique
while minimising or eliminating any components that have health and safety
issues associated with them. In some cases, more effective formulations or
processes may be available, but if they are not felt to be safe to use they will
not be recommended.

It should be emphasised that all testing and optimisation of processes by
CAST has been carried out under UK climatic conditions. It is recognised that
in many parts of the world the conditions of temperature and humidity will
differ significantly from those in the UK and in some cases this may affect
performance. It is likely that optimised formulations in different countries may
differ for this very reason.

Throughout the report, references are made to the two main fingerprint
research groups in the UK, CAST and the Forensic Science Service (FSS).
These organisations have changed names several times in the 35 years
covered, and in the text reference is usually made to the name of the group at
that time. However, inconsistencies may arise. In summary, previous names
for each organisation have been:

CAST

Police Research and Development Branch (PRDB) 1969 -1971

Police Scientific Development Branch (PSDB) 1971 - 1981

Home Office Scientific Research and Development Branch (HO SRDB) 1981 -
1991

Police Scientific Development Branch (PSDB) 1994 -2004

Home Office Scientific Development Branch (HOSDB) 2004 - 2011
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FSS

Home Office Central Research Establishment (HO CRE) 1967 — 1988

Home Office Forensic Science Service (FSS), Central Research and Support
Establishment (CRSE) 1988 - 1992

Aldermaston Laboratory closed (1992), Metropolitan Police Forensic Support
Laboratory (MPFSL) absorbed by the FSS (1996). Fingerprint research
subsequently split between FSS Lambeth and FSS Trident House,
Birmingham.

Early research also conducted by the Atomic Weapons Research
Establishment (AWRE) under contract to CAST.
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Chapter 2: Finger mark examination techniques within
scope of ISO 17025

2.1 Visual examination

1. History

1.1. Visual examination was the first technique proposed for the detection of
fingerprints, with Henry Faulds suggesting the use of finger marks in
blood, impressions in clay or marks left on glass for identification of
criminals in his letter to the journal Nature in 1880. Many of the early
landmark cases in fingerprint identification involved marks detected
visually [1]; in Argentina in 1892 Vucetich used a mark deposited in
blood on a door frame to disprove an account of a murder; in 1897
fingerprints in blood on a book cover were used to identify a murderer in
India; and in 1902 impressions of fingerprints in paint were used to
identify a burglar in the first trial using fingerprint evidence in the UK.

1.2 Detection of a mark by visual examination did not necessarily mean that
it could be easily captured. In many cases the lighting conditions
required to detect the mark were difficult to recreate and maintain for
photography, but as the use of fingerprint evidence increased a range of
techniques were developed or adapted for the photography of both
developed and latent marks. Those described for operational use in 1954
[2] included transmitted light, vertical/specular illumination, dark ground
illumination, oblique illumination, oblique top illumination and duo
filtering.

1.3 Practical examples of the use of backlighting, vertical/specular
illumination and oblique illumination were presented in subsequent
publications [3,4]. The detection of fingerprints in both grease and dust
was demonstrated using the range of lighting techniques above. Olsen
[3] also recommended visual examination of metals and firearm articles
for latent prints that may not be developed by powdering, with marks
occasionally being etched into metal by the fingerprint constituents or
ridge impressions left in the oil coatings often found on firearms. Pfister
subsequently reported the application of specular lighting techniques
using a semi-silvered mirror for the capture of latent fingerprints on
glossy surfaces [9].

1.4 Other photographic techniques such the use of polarising filters [6]
began to be employed in the imaging of latent fingerprints, improving the
contrast between the fingerprint ridges and the background by
suppressing the reflections from the background regions. A combination
of polarisation and specular reflection techniques has recently been
suggested for the detection of latent fingerprints [7]. The use of specialist
tilt/shift lenses has also been demonstrated for the capture of marks on
mirrors, where the image of the mark may otherwise be obscured by
background reflections [8].
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1.5

1.6

It has also been proposed that marks detected by visual examination
need not always be photographed in situ; if it is considered that
powdering or chemical development would be of no benefit and
photography is difficult, lifting of the mark may be carried out using either
transparent lifting tape or gelatine lifters (black, white or transparent) [9].
Lifting of latent marks, either after visual examination or as a speculative
technique, should not be carried out as an alternative to treatments such
as powdering if the application of a development technique is feasible.
The Home Office Centre for Applied Science and Technology (CAST)
has recently carried out a comparison of the effectiveness of gel lifting
and powdering for development/capture of latent marks [10] and has
demonstrated that powdering is the more effective process.

It has long been recognised that in some circumstances latent
fingerprints may be developed by the environment they have been
exposed to and fingerprints developed by heat have been found on
paper articles at arson scenes [3]. Recent studies by CAST and others
have found that there are a wide range of mechanisms by which
fingerprints can be developed by the soot and heat at arson scenes [11-
14], and visual examination of articles recovered from such scenes is
essential.

2. Theory

2.1

2.2

The principle of visual examination is to utilise lighting in such a way as
to provide as much contrast as possible between fingerprint ridges and
the background, if possible suppressing any patterned backgrounds. For
the initial detection of marks this is done by trying different lighting
angles, but once a mark has been located there are several techniques
that can be used to capture it in the optimum way. Some of these are
described below, together with the situations that they are most
appropriate for.

Oblique illumination

Oblique illumination may be used to capture marks where fingerprints
are deposited in dust. The low angle illumination is scattered by particles
of dust on the surface being examined, resulting in more light reaching
the imaging system from these regions than in areas where no dust is
present.
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Imaging system

Light scattered
4 ! towards imaging
system

Light source

Incident light

Dust particles scattering
incident light

Schematic diagram illustrating the use of oblique lighting to detect marks
deposited in dust

2.3 Oblique illumination can also be used in the capture of fingerprint
impressions in wax or putty. In this case the low angle illumination casts
shadows in the depressions left by the fingerprint ridges, thus aiding in
their visualisation.

Imaging system

Light source
Incident light

Impressions in substrate
with areas shadowed by
incident light

Schematic diagram illustrating the use of oblique lighting to detect marks
left as impressions in a soft surface
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2.4 Specular (oblique top) illumination

2.5

2.6

Specular illumination can be used for latent marks or marks in
contaminant on reflective surfaces. It is essentially the opposite of
oblique illumination, with the light source being placed at a high
illumination angle in close proximity to the imaging system. Where light
falls upon a reflective region of the background, it is specularly reflected
at an angle where the reflected light does not reach the imaging system.
Where light falls upon fingerprint ridges, it is either scattered or diffusely
reflected, resulting in some light being reflected to the imaging system.
The ridges will therefore appear lighter than the background in the
image.

Imaging system

Light source

) ) Specularly reflected light —
Incident light not reaching imaging system

Diffuse reflections from ridges

towards imaging system
‘»\‘ ” A ‘7

Schematic diagram illustrating the use of specular illumination to detect
marks on smooth, reflective surfaces

This principle is utilised in the BVDA GLScan system, developed for the
imaging of trace evidence lifted on black gelatine lifters [15].

Dark field illumination

Dark field illumination is suited to cases where fingerprints in sweat, oil or
grease are present on transparent substrates, such as glass or plastic
packaging. The sample is illuminated from underneath at oblique angles.
In regions with no fingerprint deposit, light is transmitted and does not
reach the imaging system Where there is a fingerprint deposit present
the light is scattered, some of it reaching the imaging system. The
resultant image shows light fingerprint ridges against a dark background.
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2.7

Imaging system

Transmitted light Transmitted light

Light scattered from
ridges towards
imaging system
Transparent substrate

L o F N S\

Light source Light source

Schematic diagram illustrating the use of dark field illumination to detect
marks on transparent substrates

Co-axial illumination

Co-axial illumination can be used where a latent mark or a mark in
contaminant is present on a patterned, reflective background. A semi-
silvered mirror at 45° to the axis of the imaging system is used
essentially to provide co-axial illumination. The incident light is reflected
downwards onto the sample. Where it meets the reflective surface it is
strongly reflected and some passes through the semi-silvered mirror to
reach the imaging system. Where the light hits ridges, it is scattered or a
diffuse reflection occurs. The amount of light reflected back towards the
imaging system from these regions is correspondingly less, and the
fingerprint will appear as dark ridges against a light background.

Several commercial systems have been developed incorporating co-axial
or epitaxial illumination although these are mostly marketed for machine
vision applications and none has been widely adopted for finger mark
detection and imaging.
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2.8

Imaging system

Strongly reflected light from
background reaching imaging
system

Light source

Incident light Semi-silvered mirror

W Diffuse reflections from ridges

Schematic diagram illustrating the use of co-axial illumination to detect
marks on smooth, reflective surfaces

Polarised light

Polarised light can also be used to detect a latent mark or a mark in
contaminant on a reflective background. A linear polarising filter is used
in front of the light source to produce linearly polarised light. When this
reaches the reflective surface it is reflected and retains its polarisation.
Where it hits the finger mark ridges it may be scattered or diffusely
reflected, resulting in a depolarised component of light being reflected
from the surface. A cross-polarised filter is placed in front of the imaging
system, which blocks the specularly reflected light and allows a
component of the de-polarised light through, resulting in an image with
light ridges against a dark background.

v1.0
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Imaging system

Light source

Reflected light passing
through polariser

’]Tﬁ]]g/ Polarising filter

i
il
N

o N - De-polarised light
Polarising filter -~ _I wdiffupsely reflectged
from ridges
Linearly polarised = —~— \ _‘x Polarised light

inci ligh
incident light _% _% specularly reflected
from background

Schematic diagram illustrating use of cross-polarised light to detect
marks on reflective backgrounds

3. CAST processes

3.1 The CAST Manual of Fingerprint Development Techniques [9] identifies
five generic types of fingerprint that may be visible.

* Type 1 — where the fingerprint is present in a semi-transparent
material, such as sweat, oil or grease.

* Type 2 — where the fingerprint is deposited in a coloured material, such
as blood, ink or paint.

* Type 3 — where the fingerprint is in dust.

* Type 4 — where the fingerprint is present as a result of a reaction
between a fingerprint and the surface, e.g. fingerprints visible on
ferrous, silver and copper articles as a result of surface corrosion or
tarnishing.

* Type 5 — where there are fingerprint impressions in wax or putty.

Subsequent to the work carried out on articles recovered from an arson
scene [11-14], a further type is proposed.

* Type 6 — where fingerprints have been developed by the effects of an
environment the article has been exposed to, e.g. fingerprints
developed on paper by the action of heat.

Examples of all these types of mark are illustrated below.

-9- v1.0
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e) f

Different types of marks that may be detected by visual examination a) Type 1
mark in grease on CD b) Type 2 mark in soot on mug c) Type 3 mark in dust
d) Type 4 mark on metal sheet e) Type 5 mark in plasticine f) Type 6 mark
developed by heat on paper.
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3.2 The process recommended by CAST for all of these types of marks
consists of examination under natural light, turning the article so that
illumination falls on it from different angles. This should be followed by an
examination using an even, white light source, again altering the angle of
illumination from perpendicular to the exhibit to oblique.

3.3 Any fingerprints detected using this examination process should be
imaged using the most appropriate technique outlined in the ‘Theory’
section above.

4. Critical issues

4.1 Visual examination must be performed before commencing any other
form of examination or chemical treatment because potentially useful
marks may otherwise be missed.

5. Application

5.1 Suitable surfaces: Visual examination is applicable to all types of
surface, but will yield most marks on non-porous surfaces.

5.2 Visual examination can be applied to all types of articles, including
examination of surfaces at crime scenes. Because it is a non-destructive
technique and marks detected in this way may not be subsequently
developed by any chemical/physical process, it should be the first stage
in any sequential treatment process and any marks found should be
imaged before proceeding.

5.3 Because there are a wide range of mechanisms by which latent marks or
impressions may occur on articles, a thorough examination using
different lighting conditions should be carried out, using both natural light
and an even illumination from a white light held at different angles.

6. Alternative formulations and processes

6.1 There are no alternative treatments or processes to those described in
this section.

7. Post-treatments

7.1 If the latent mark detected is thought to be eccrine or sebaceous in
nature, appropriate chemical/physical development techniques should be

selected from the manual [9] taking into account the surface it has been
deposited on. Similarly, if the mark is thought to be in blood or another
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7.2

7.3

7.4

7.5

contaminant that could be developed by techniques in the manual, an
appropriate sequential treatment regime should be selected.

For other types of contaminant/particulate, marks found by visual
examination may be lifted using adhesive tape or gelatine lifts. However,
this should only be carried out if the type of mark or surface precludes
the use of subsequent development techniques, and/or the mark has
already been captured, or cannot be captured in situ. The results of a
comparative study between gel-lifting of latent marks and powdering are
illustrated below, based on 1,260 graded marks.

W 2 days
B 2 weeks

Average grade of fingerprint

Gelatine lift Powders Powders (after gel lift)

Relative effectiveness of powders and gelatine lifts for fingerprint
recovery from a range of surfaces

It can be seen that gel-lifting latent prints is less effective than powdering
and can be detrimental to subsequent powder application, especially on
fresher marks where the deposits are more easily lifted by the gel. On
older marks where the deposits are more robust, gel-lifting appears to be
less detrimental to subsequent powdering but in general gel-lifting should
only be carried out in exceptional circumstances.

Impressed marks can also be cast and lifted using silicone rubber
casting compounds, and the ridges of such casts enhanced by the
application of black ink.

For marks on paper that have been developed by heat, subsequent
fluorescence examination using the Quaser 473-548 excitation band and
549 viewing/camera filters may reveal additional detail [12-14].
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8. Validation and operational experience

8.1

8.2

8.3

Because visual examination is a non-destructive process and should be
used as the first stage in any sequential treatment regime, few
documented operational trials have been carried out. There are many
reported examples of where visual examination has revealed fingerprints
at crime scenes and on articles in laboratories, and it is not considered
necessary to extensively validate what should be an intuitive process.

Recently, studies have been carried out by Hampshire Constabulary and
the Metropolitan Police [16], using a wide range of light sources to
examine exhibits prior to chemical treatments. Both of these studies
incorporated white light sources and visual examination. Results indicate
that visual examination will detect marks that are not found by any other
light source or developed by subsequent chemical treatment. In the
Hampshire study 11% of marks were only detected by a combination of
visual and fluorescence examination, and of this visual examination
using white light was the sole means of detection for 3% of marks.

A summary of the results obtained from the study on operational work at
Hampshire Constabulary is given in the tables below.

Surface

type

Articles White

light

Chemical
treatment

Laser
(577nm)

Laser
(532nm)

Quaser
2500

Porous

169 3 10 42 15 240

Non-
porous

192 43 36 34 54 277

All

361 46 46 76 69 517

8.4

Summary of the performance of different light sources on porous and
non-porous surfaces.

The types of article that marks were detected on using visual
examination included cowlings and knife blades for non-porous items,
and marks in dirt on paper for porous items. The results indicate that, as
expected, subsequent chemical treatment develops appreciably more
marks. However, it is also of interest to consider the number of unique
fingerprints attributable to each process. In this analysis, the following
information is obtained.

Light source Total Not developed Unique
fingerprints chemically fingerprints to
process
White light 46 18 18
Quaser 2500 46 27 8
Laser (532nm) 76 46 36
Laser (577nm) 69 39 24

Detailed analysis of fingerprints detected by different light sources.

-13-
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8.5 As stated above, it is evident that although visual examination detects
comparatively few fingerprints (<10% of all marks detected), 40% of the
marks that are detected by visual examination are unique to that process
and it is therefore an essential element in a sequential treatment regime.

8.6 The Metropolitan Police study indicated that use of light sources
accounted for ~8% of all marks detected on over 1,000 exhibits, although
this included white light, long-wave ultraviolet and laser examination. On
some non-porous surfaces (e.g. vehicle bodywork), the number of
unique marks found by visual examination with a white light source was
much higher than the average value above and reinforces the
recommendation that visual examination should ideally be carried out
before commencing any chemical treatment sequence.
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2.2 Fluorescence examination

1. History

1.1

1.2

1.3

1.4

The use of fluorescence examination for the enhancement of developed
fingerprints was being considered as early as the 1930s, with materials
such as anthracene and zinc sulphide being proposed for use as
fingerprint development powders. Both of these powders fluoresced
when illuminated with ultraviolet (UV) radiation and could be used to
enhance the contrast of the mark against the background. In the case of
zinc sulphide, the longer term phosphorescence of the material could
also be utilised by imaging the mark once the light source had been
removed. In 1954, Cherrill [1] described the use of barrier filters in
combination with fluorescent powders to reduce reflected light from the
background.

Most early investigators used UV radiation to produce fluorescence in
fingerprints. In 1970 Ohki [2] carried out an investigation into the
constituents of fingerprints and found several components that had
inherent fluorescence when illuminated with UV radiation. Developments
in chemical reagents for fingerprint development in the mid-1970s
identified several systems that produced reaction products with
fluorescence in the visible region when illuminated in the UV, including
fluorescamine and o-phthaladehyde. However, these reagents did not
provide any advantages in performance over ninhydrin and were not
widely adopted.

The most significant development in fingerprint detection by fluorescence
examination was the observation by Dalrymple et al. [3] that latent,
untreated fingerprints could be detected on a range of substrates using a
1.5W argon ion laser line at 514.5nm with an appropriate barrier filter.
Duff and Menzel were working in the Xerox Mississauga research
laboratory and were also involved in using dye lasers in the same
laboratory. It is now thought that the high success rates initially observed
in these studies may have been attributable to some latent fingerprints
being contaminated with laser dyes. Fluorescence was also observed by
the same authors using a filtered xenon arc lamp, but this light source
was of lower power (filtered output measured at 0.5W) and the
fluorescence was correspondingly weaker. The authors recognised the
future potential of fluorescent stains and powders, and attempted to
enhance marks by powdering with the fluorescent Coumarin 6. Initially
this did not reveal any ridge detail, but subsequent spraying with
methanol and laser examination showed some powder preferentially
adhering to the ridges. Thornton [4] was more successful, dissolving
Coumarin 6 in ethanol, mixing with a black powder and then evaporating
the ethanol to produce a fluorescent tagged dusting powder.

This prompted further studies into development techniques compatible
with laser examination and Menzel and Duff investigated a range of
fluorescent powders and chemical reagents [5] and the use of
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phosphorescent powders in combination with a light chopper to reduce

the interfering effect of background fluorescence [6]. This ‘time resolved
imaging’ approach was later explored using a range of substances with
long fluorescence decay times.

1.5 Laser examination was also becoming used on operational work and in
1979 Dalrymple [7] was able to record casework successes where laser
examination had revealed marks by fluorescence that were not
subsequently developed by chemical treatment. Dalrymple also identified
the potential of fluorescing the background to enhance the contrast with
a non-fluorescent fingerprint.

1.6 The published papers attracted worldwide interest in the technique and
in 1979 a Police Scientific Development Branch (PSDB) delegation
visited Duff and Menzel at the Xerox laboratories and the FBI [8] to
assess the technique on a range of test substrates and to discuss its
operational applications. Fluorescent marks were detected on low
density polyethylene and matt aluminium, and some fainter marks seen
on paper and adhesive tape. Overall the process performed poorly in
comparison with traditional methods on 19 surfaces and 300 fingerprints.
The PSDB group concluded that the coherent output of the laser was not
essential to promote fluorescence, just the output power and wavelength
specificity, and this initiated the programme of work into filtered light
sources that ultimately led to the production of the Quaser 30 in the early
1980s, followed in turn by the Quaser 80, 100, 40 and finally the Quaser
2000.

Different generations of Quaser, a) Quaser 80 and b) Quaser 2000.

1.7 PSDB demonstrated a prototype lamp system to Professor Warrener
from Australia and John Watkin from Canada in 1980/81. These other
groups also recognised the potential and the significantly lower cost of
filtered light sources and research programmes to develop these
systems were initiated in both Canada [9] and Australia [10,11].
Comparisons carried out between a filtered light source and a laser [11]
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1.8

1.9

indicated little difference in performance between the systems available
at that time.

The PSDB research programme investigated the constituents of
fingerprints, in particular those fluorescing under UV and green light
[12,13]. Several constituents that fluoresced under laser illumination
were detected although it was not possible to conclusively identify all of
them. PSDB (by now part of the Home Office Scientific Research and
Development Branch) also began a comprehensive programme to
assess the optimum excitation and viewing filter combinations for the
Quaser filtered light sources, and to devise health and safety guidelines
for use with all types of light sources that could be used for fluorescence
examination. This included work in close consultation with leading
ophthalmologists to ensure that the safety guidance given was directly
relevant to the light sources used and to the end application. The
culmination of this work was Fingerprint Detection by Fluorescence
Examination — A Guide to Operational Implementation [14].

Another advance in fluorescence examination was made by Herod and
Menzel [15] during studies into techniques for enhancing fingerprints
developed using ninhydrin. It was already known that complexes formed
between some metal ions and ninhydrin could result in colour changes to
the mark, but not that some of these products were fluorescent. Herod
and Menzel found that spraying the ninhydrin marks with zinc chloride
resulted in a colour change in the fingerprint from purple to orange, and
the formation of a fluorescent reaction product excited by the 488nm line
of the argon laser. Subsequent studies showed that zinc toning used
after ninhydrin detected significant numbers of additional marks and this
became an important sequential processing technique until somewhat
superseded by the development of reagents such as 1,8-diazafluoren-9-
one (DFO) and 1,2 indandione, which yielded inherently fluorescent
reaction products.

1.10 Other refinements considered to the fluorescence examination process

were the use of a scanning laser spot to build up a fluorescence intensity
map of a surface by Herod and Menzel [16] and the use of narrow
bandpass filters in combination with a long-pass barrier filter to improve
the contrast between the fluorescing mark and the background by
Dalrymple [17].

Other types of laser were also considered for fluorescence examination
and reviews of the options available were made by Menzel [18,19]. By
the early 1980s copper vapour and neodymium:yttrium aluminium garnet
(Nd:YAG) lasers had become available and although the copper vapour
laser had similar attributes to the argon laser, the Nd:YAG laser was
more portable (albeit with much lower output power at that time) and
could be taken to crime scenes.

1.12 Research was also conducted into the use of time-resolved fluorescence

imaging, combined with the assessment of reagents with longer
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fluorescence decay time compatible with this technology. Europium
compounds [20] and other lanthanides [21] were proposed by Menzel for
this purpose, the potential advantage of the technique being that
background fluorescence can be separated from the fluorescence of the
fingerprint by the difference in decay time.

1.13 Since the early 1980s, advances in fingerprint development techniques

have meant that fluorescence examination has become an integral
process in sequential treatment regimes, being used to detect latent
fingerprints and to enhance developed fingerprints. Fluorescent dyes
have been developed for use with superglue, DFO is available as a
technique for developing fluorescent marks on porous surfaces, acid
yellow 7 can be used as a fluorescent blood dye on dark surfaces and
marks developed using basic violet 3 may also be enhanced by
fluorescence. All of these processes are described in greater detail in
Chapters 3.1, 3.2 and 3.3, respectively.

1.14 Most recently, the advances made in light emitting diode (LED)

technology have resulted in hand-held torches with equivalent output
power to some filtered arc lamp systems. However, the output spectra of
LEDs are typically broader than filtered systems and usually require
additional filtering to avoid reflected light from the light source passing
through the viewing filter. Further increases in LED power are anticipated
and such systems are already becoming useful tools in fluorescence
examination.

1.15 Lasers have also become more lightweight and portable, and scene

portable, suitcase-sized Nd:YAG (and semiconductor diode) green lasers
with output powers up to 8W are now available. Semiconductor lasers
with outputs of 2W in the blue and 5W in the yellow regions of the
spectrum have also been developed; both of these have been
demonstrated to detect marks (and other types of forensic evidence) not
found by the green laser. The use of as many different light sources as
possible is therefore recommended to maximise evidence recovery.

2. Theory

2.1

2.2

Fluorescence is one of a number of processes that are broadly described
by the term ‘luminescence’, which means that a substance emits light in
response to an external stimulus. Other examples include
chemiluminescence, where light is emitted as a result of a chemical
reaction (as in the blood detection technique luminol) and
triboluminescence, where light is emitted as a result of a material being
rubbed, broken or abraded.

In fluorescent chemicals, light of a specific colour is absorbed and some
of this absorbed energy is subsequently emitted as light of a different

colour and longer wavelength. This can occur because the molecule has
potential electronic energy excited states with levels compatible with the
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2.3

24

absorption and emission of visible light. The mechanism of fluorescence
is shown schematically below.

O—4 Higher energy and
M./’ vibration state
W/'\
O Lowest singlet
s excited state
= ©
< S
+hv -hv
Ground state
@ @

Schematic diagram showing the mechanism by which fluorescence
occurs.

When a fluorescent molecule is excited with light of an appropriate
wavelength, the electrons absorb energy from the light and are promoted
from the ground state to a higher energy electronic state. Radiationless
energy loss transitions resulting the vibrational energy level of the
excited electron dropping. The electron then drops to a lower electronic
level with the emission of a photon of a lower energy and lower
wavelength than the original absorbed photon. If the transition between
excitation and emission takes place in less than 10-8 seconds it is
generally regarded as fluorescence. There are other ‘delayed
fluorescence’ and phosphorescence mechanisms that can occur in ome
molecules.

There are in practice several excited states to which electrons can be
promoted and several ground states to which they can return, so that
absorption and emission actually occur over ranges of the
electromagnetic spectrum. A schematic illustration of a representative
emission and absorption spectrum and the corresponding excited states
is shown below.
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Representation of excitation/emission spectra of a chemical with
corresponding transitions between excited and ground states.

2.5 Typically, light in the UV, blue, green or yellow parts of the spectrum is
used to excite fluorescence, which may result in the emission of light in
the yellow, orange, red or infra-red (IR) regions. Most of the illuminating
light is not absorbed but scattered or reflected from the surface being
examined. Filters that transmit the fluorescence but not the illuminating
light are therefore placed in front of the eye and/or image capture device
to enable the fluorescence to be seen and recorded. This is shown
schematically below.
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Light source
Observer's eye

Viewing filter

\ Fluorescence
\ (longer wavelength)
\ transmitted by filter

Incident light

(shorter wavelength)
Reflected/scattered
light

Surface under examination Fingerprint ridges
(containing fluorescent species)

Schematic diagram illustrating the viewing of fluorescence from
fingerprint ridges containing a fluorescent species

2.6 In optimising fluorescence examination it is essential to ensure that the
illuminating wavelengths of light correspond closely to the excitation of
the fluorescent species present (if known), and that the viewing filter
used blocks all illuminating wavelengths and transmits the maximum
emission peak of the fluorescent species.

2.7 ltis this philosophy that has been used to determine the excitation
wavelengths and corresponding viewing filters recommended in the
‘CAST processes’ section below.

3. CAST processes

3.1 Comprehensive descriptions of the processes used for fluorescence
examination are given in the HOSDB publication Fingerprint Detection by
Fluorescence Examination — A Guide to Operational Implementation
[14]. A shorter summary is given here. This section does not cover the
use of UV radiation for the detection of fingerprints, which is dealt with in
greater detail in Chapter 4.1, Ultraviolet imaging.

3.2 In common with visual examination, there are many ways in which
fluorescence examination can used to detect fingerprints. There are two
principal forms of examination, subdivided into eight types, which are
described below.
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3.3 Initial examination of untreated fingerprints

3.3.1Fluorescence examination is an essentially non-destructive process and
may be used as the initial stage in a sequential processing regime. There
are three types of fingerprints which may be revealed during initial
examination.

Type 1 — Fingerprints may be detected due to the inherent
fluorescence of constituents that may be present in sweat.

Type 2 — Contaminants present in the fingerprint, such as ink, drugs
or grease, may exhibit enhanced fluorescence over those
consisting of sweat alone.

Type 3 — Some surfaces, such as paper or cardboard, may exhibit
background fluorescence, which can improve the contrast of
fingerprints contaminated with substances such as blood or
dirt that absorb light and appear dark against the light
fluorescing background.

a) b)

Marks detected during initial examination a) Type 1 or 2 mark detected
by inherent fluorescence of fingerprint and b) mark in blood revealed
against fluorescent background.

3.4 Enhancement of developed fingerprints

3.4.1Fluorescence examination may also be used as a method of improving
the contrast of fingerprints developed with other processes. There are
four principal types of fingerprint to which fluorescence examination can
be applied.
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Type 4 — The treated fingerprint may itself fluoresce because the
chemical used to stain it is fluorescent, examples being basic
violet 3 and acid yellow 7. In this way, fingerprints that are
faint or invisible under normal light may be revealed by
fluorescence. However, heavy blood deposits or heavily
stained fingerprints may quench fluorescence.

Type 5 — The background surface may fluoresce and the fingerprint
may absorb or scatter the incident light and appear black.
Examples of this may be seen for ninhydrin and physical
developer.

Type 6 — The treated fingerprint may be treated with a secondary
reagent or stain prior to fluorescence examination. This
converts it from a non-fluorescent to a fluorescent mark, thus
improving the detail that can be imaged. Examples of this
include the zinc salt toning of ninhydrin marks and the
staining of superglue marks with fluorescent dyes.

Type 7 — The reagent used may react directly with fingerprint
constituents to form a fluorescent product, e.g. DFO and 1,2
indandione. Fluorescent fingerprint powders also fall into this
category.
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Fingerprints enhanced using fluorescence examination a) Type 4 mark,
mark in blood enhanced using acid yellow 7 b) Type 6 mark, superglue

stained with basic yellow 40 and c) Type 7 mark, fingerprints developed
using 1,8-diazafluoren-9-one.

3.4.2More recently, work on the recovery of fingerprints from arson scenes
has revealed a further category of mark that can be revealed or
enhanced by fluorescence examination.

Type 8 — The action of the environment (e.g. heat) on a latent
fingerprint may result in the formation of fluorescent
products.

Type 8 mark — eccrine mark on paper becoming fluorescent after
exposed to 150°C.
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3.4.3The excitation and viewing conditions recommended for these situations
by HOSDB are summarised below.

3.5 Nd:YAG laser (single wavelength)

3.5.1Initial examination and enhancement of developed fingerprints

Application Excitation Schott viewing
wavelength (nm) filter
Examination of all surfaces 532 0G570
DFO 532 0G570
Superglue dyed with basic red 14 532 0G570

Data given are for the Coherent “Tracer’ green laser, and the Laser

Innovations ‘Revelation’ green laser.

3.6 Yellow semiconductor laser (single wavelength)

3.6.1Initial examination and enhancement of developed fingerprints.

Application Excitation Schott viewing

wavelength (nm) filter
Examination of all surfaces 577 RG610
Basic violet 3 577 RG610
DFO (on backgrounds highly 577 RG610
fluorescing under green illumination)

Data given are for the Coherent “Tracer’ yellow laser.

3.7 Blue semiconductor laser (single wavelength)

3.7.1Initial examination and enhancement of developed fingerprints.

Application Excitation Schott viewing
wavelength (nm) filter
Examination of all surfaces 460 GG495
Marks contaminated with body fluids 460 GG495
Superglue dyed with basic yellow 40 460 GG495

Data given are for the Coherent “Tracer’ blue laser.

3.8 Argon lon Laser (multiple, selectable wavelengths)

3.8.1Initial examination.

Application Excitation Schott viewing
wavelength (nm) filter

Examination of all surfaces 514.5 0G550

Surfaces with low background 488.0 0G530
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fluorescence

Fingerprints in dark materials, e.g. 488.0 0G530

blood, where fluorescence of

background may improve contrast

3.8.2Enhancing developed fingerprints.

Application Excitation Schott viewing

wavelength (nm) filter

Absorbing treatments, e.g. ninhydrin, 457.9 GG495

acid black 1, acid violet 17, Powders or 476.5 0G515

(background fluorescence) or 488.0 0G530

Acid yellow 7 514.5 0G550

DFO 514.5 0G550

Basic violet 3 528.7 RG610
or 514.5 0G550

Ninhydrin toned with zinc salts 488.0 0G530

Superglue dyed with basic yellow 40 457.9 GG495
or 476.5 0G515
or 488.0 0G530

Superglue dyed with basic red 2 514.5 0G550

Where alternative wavelengths are given, users should investigate which is the best

combination for their particular laser.

Data obtained from Hardwick et al. [14].

3.9 AQuaser (multiple, selectable excitation bands)

3.9.1An example of excitation and viewing filter selection for different

applications is illustrated below.
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Excitation
filter 354-
469nm

Excitation
spectrum
BY40

Emission
spectrum
BY40

300

| |
400 500

nanometres (nm)

600

Selection of appropriate Quaser filters to fit with excitation/emission of basic

yellow 40 dye.

3.9.2Initial examination.

Application Excitation filter Viewing filter (1%
(nm) transmission point)

Examination of all surfaces. Blue 352-509 | Yellow/ 510 or
Background fluorescence may 385-509 | Orange 515
obscure some fingerprints 354-519

385-519 | Orange 529

400-519
Reduces background Blue/ | 468-526 | Orange 529
fluorescence Green
Reduces background Green | 473-548 | Orange 549
fluorescence further
Detects some fingerprints on Green | 491-548 | Orange 549
polythene packaging and
possibly other surfaces
Fingerprints in dark materials, Violet/ | 350469 | Yellow 476
e.g. blood, where background Blue 385-469
fluorescence may improve 400-469
contrast
Fingerprints in dark materials, Ultra- | 280—413 Yellow 415
e.g. blood, where background violet | 340-413
fluorescence may improve
contrast. Some fingerprints in
oils and greases and some
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absorbing fingerprints on glossy
papers

Where multiple excitation filters are listed, the set supplied will depend on the Quaser system

used.

3.9.3Enhancing developed fingerprints.

Application Excitation filter Viewing filter (1%
(nm) transmission point)
Absorbing treatments, e.g. Violet/ | 350469 Yellow 476
ninhydrin, acid black 1, acid Blue 385-469
violet 17, powders (background 400-469
fluorescence)
Acid yellow 7 Blue 352-509 | Yellow/ 510 or
385-509 | Orange 515
354-519
385-519 | Orange 529
400-519
DFO for maximum contrast on Green | 473-548 | Orange 549
most types of paper
DFO to reduce background Green | 491-548 | Orange 549
fluorescence
DFO to reduce background Green/ | 503-591 Red 591
fluorescence further Yellow
Basic violet 3 Green/ | 503-591 Red 591
Yellow
Ninhydrin toned with zinc salts Blue/ | 468-526 | Orange 529
Green
Superglue dyed with basic Violet/ | 350-469 Yellow 476
yellow 40 Blue 385-469
400469
Superglue dyed with basic red Green | 473-548 | Orange 549
14

Where multiple excitation filters are listed,
used.

the set supplied will depend on the Quaser system

Data obtained from Hardwick et al. [14] and from the CAST Manual of
Fingerprint Development Techniques [22].

3.10 LED light sources

3.10.1 Data given are for Foster and Freeman ‘Crime-lite 80S’ range, correct

as of 28/01/2010

3.10.2 Initial examination.

Application Excitation filter Viewing filter (1%
(nm) transmission point)
Examination of all surfaces. Blue | 430470 | Yellow | 476
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Background fluorescence may
obscure some fingerprints

Reduces background
fluorescence

Blue/ 460-510
Green

Orange 529

Reduces background
fluorescence further

Green | 500-550

Orange 549

Detects some fingerprints on
polythene packaging and
possibly other surfaces

Green | 500-550

Orange 549

Fingerprints in dark materials,
e.g. blood, where background
fluorescence may improve
contrast

Violet/ | 395-425
Blue 430470

Yellow 476

3.10.3 Enhancing developed fingerprints.

Application

LED colour and
excitation (nm)

Viewing filter (1%
transmission point)

Absorbing treatments, e.g.
ninhydrin, acid black 1, acid
violet 17, powders (background
fluorescence)

Violet 395-425

Yellow 476

Acid yellow 7

Blue 430470

Yellow 476

DFO for maximum contrast on
most types of paper

Green | 500-550

Orange 549

Ninhydrin toned with zinc salts

Blue/ 460-510
Green

Orange 529

Superglue dyed with basic
yellow 40

Blue 430470

Yellow 476

Superglue dyed with basic red
14

Green | 500-550

Orange 549

4. Critical issues

4.1 There are several issues that need to be considered and addressed
when performing fluorescence examination, some concerned with
technique effectiveness and other relating to health and safety.

4.2 The light source used must output at a wavelength or spectral bandwidth
that overlaps with the absorption bands of the dyes/contaminants in the
fingerprint and thus excite the fingerprint into a state where it can

fluoresce.

4.3 The light source used must have an effective radiated power that
produces a sufficient intensity of fluorescence in the mark for it to be

detected and captured.

4.4 The filters used for both viewing and capture of fluorescent marks must
be correctly designed and selected so that they block all of the
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4.5

4.6

4.7

4.8

wavelengths output by the illumination source, and transmit as much of
the fluorescence output from the mark as possible.

The potential background fluorescence of the surface should be
considered. It may be necessary to move to other wavelengths or
wavebands to reduce the impact of background fluorescence, even
though these may not be optimum for exciting the fluorescent
constituents in the mark.

It is essential to carry out a full safety assessment prior to carrying out
fluorescence examination to ensure that all operators are wearing
appropriate protective eyewear and that unprotected personnel cannot
be accidentally exposed to harmful levels of stray light. Safety
procedures should be put in place to enforce this.

The light levels needed to detect weakly fluorescent materials present
serious hazards to the eyes and in some cases the skin. It is possible to
cause retinal burns in less than the eye blink response time of %2 second.
Some of the light source and filter systems marketed are potentially
hazardous and may have inadequate or incorrect safety advice. Those
providing safety features to avoid accidental exposure to harmful levels
of light are preferable.

Changes to the wavelength, power, barrier filter or light delivery optical
system may dramatically affect the risks to human eyes. The only
effective way to carry out a safety assessment of a system is by
calculation, and/or by measurement of the radiance levels for visible light
systems and irradiance for UV or IR systems.

5. Application

5.1

5.2

5.3

Suitable surfaces: Fluorescence examination can be used for detection
of latent fingerprints on all types of untreated surface, but success rates
are higher on non-porous articles. Fluorescence examination is also
useful on all types of surface after chemical treatment provided that an
appropriate fluorescent chemical has been used to develop the
fingerprint, or the surface has appreciable background fluorescence
while the chemically treated print absorbs.

Fluorescence examination has two principal applications in fingerprint
detection, firstly in the detection of latent fingerprints prior to
commencing a sequence of chemical treatments and secondly in the
enhancement of marks that have either been treated to produce
fluorescent products or are absorbing on a fluorescent background.

In the first role, fluorescence can be an invaluable tool because it may
detect marks that contain small quantities of fluorescent contaminants.
Because fingerprint development processes primarily target natural
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secretions, many of these marks will never be found during subsequent
chemical treatment.

5.4 Fluorescence examination may also detect marks present in
contaminants, such as blood. Many surfaces fluoresce when excited by
high-intensity light in the UV and violet regions of the spectrum. This is
coincidently where the haem group in blood is most absorbent, with a
peak around 421nm (known as the Soret Band) [23] and why blood-
contaminated fingerprints will appear dark against a light background.
Fluorescence examination may be used before any other fingerprint
enhancement techniques as it is non-destructive, and if long-wave UV or
violet light (350—450nm) is used then DNA typing is also unaffected.

5.5 In the enhancement of chemically treated fluorescent marks,
fluorescence examination is used to reveal marks that may not be visible
to the eye and to enhance the contrast between ridges and background.
More powerful light sources (of the correct excitation wavelength) will
cause even very weakly developed marks to fluoresce sufficiently for
imaging.

5.6 Marks in blood may also be detected by fluorescence, even though the
original chemical treatment is not intended to produce fluorescence. If
haem-specific enhancement processes are used, the use of a strong
organic acid in conjunction with hydrogen peroxide breaks up the haem
group so that it is no longer as effective at absorbing light. When
subsequently excited by green (500-550nm) light it will fluoresce orange.
This effect has also been noted as blood ages.

5.7 Wherever possible, fluorescence examination should be carried out in a
darkened room free of highly fluorescent articles and surfaces, and users
should allow themselves to become dark adapted before commencing
examination. All safety precautions appropriate to the light source being
used should be taken [14] to ensure the safety of both the operator and
others in the vicinity. The light source should be passed slowly over the
article to be examined, taking care to minimise exposure time on articles
that may be damaged by the heat associated with some high-power light
sources. Handling of the article during examination should be minimised
to avoid damage to any marks present on the surface. Any marks
detected should be photographed using an imaging system fitted with an
appropriate barrier filter.

5.8 Fluorescence examination can be carried out both in a laboratory and at
a crime scene, provided that appropriate health and safety precautions
are taken. For optimum results, it is essential that the operator takes time
to become fully dark adapted before commencing examination.
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Examination of a crime scene using a portable laser.

6. Alternative formulations and processes

6.1 There are many suppliers of light sources, covering the range of lasers,
filtered arc lamps and LEDs, but regardless of which is selected the
essential examination process is the same. The light source should be
selected to provide maximum illumination in the excitation region of the
fluorescent chemical (if known), and the viewing filter selected to block
the illumination wavelengths and transmit the excitation wavelengths of
the chemical. Provided that this approach is adopted, many different
combinations of fluorescent dye, illumination light source and viewing
filters can be successfully employed in fluorescence examination.

7. Post-treatments

7.1 There are no post-treatments used in fluorescence examination.

8. Validation and operational experience

8.1 Because fluorescence examination is essentially a non-destructive
examination technique and is recommended for use as the second stage
in a sequential treatment (after visual examination), its operational
implementation for this purpose should not require extensive validation.

8.2 Laboratory trials

8.2.1Few laboratory trials have been conducted using deliberately deposited
fingerprints. This is because it is known that the proportion of marks that
will be detected in this way is low, but this is accepted for operational use
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because fluorescence examination is non-destructive and will find marks
in contaminants not developed by chemical reagents.

8.2.2A limited study has been carried out by CAST to compare the
effectiveness of fluorescence examination with other non-destructive
examination techniques, including short-wave UV imaging on porous
surfaces. These results are reported in Chapter 4.1, Ultraviolet imaging,
and illustrate that both green and yellow lasers will detect marks not
found by any other light source, although they are not particularly
effective on most porous surfaces.

8.3 Pseudo-operational trials and operational experience

8.3.1Data are available that demonstrate the benefit of fluorescence
examination in sequential treatments. As early as 1979, the FBI reported
that from 1,500 articles examined using an argon ion laser, 76
fingerprints were found that were not subsequently developed by any
other process [8].

8.3.2Creer reported early results from the use of an argon ion laser at the
Serious Crime Unit of the Metropolitan Police in 1983 [24], stating that
from 396 exhibits examined, 121 identifiable fingerprints had been found.
Many of these exhibits had been considered unsuitable for other
treatments due to surface scratches or patterned backgrounds, which
would make conventional photography difficult. Creer also noted that in
some cases on plastic bags, the laser detected marks that were totally
different to those subsequently developed by vacuum metal deposition.
The broader forensic applications of the laser were also presented.

8.3.3More recently CAST has purchased a 5W, 532nm green laser and have
loaned it to police forces for trials on operational work. The laser has
been compared with the Quaser 100 operating in the green excitation
band for both initial fluorescence examination and for examination of
marks developed using DFO [25]. The results of this trial, conducted on
articles from over 70 cases, are summarised below.

Application Total number of marks found
Quaser 100 Nd:YAG laser

Initial examination 10 52

DFO enhancement 70 77

Summary of results obtained using a laser compared with a Quaser 100.

8.3.41t can be seen that the higher power and higher wavelength specificity of
the laser compared with the Quaser 100 provide benefits in the number
of marks detected using fluorescence examination. Similar successes
have been reported from the use of the laser at crime scenes.

8.3.50n a limited number of operational cases processed by CAST [26],
similar observations to those of Creer [24] were made in that marks were
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detected on plastic bags using fluorescence examination that differed
totally from those developed by subsequent vacuum metal deposition.
One set were identified to a householder, the other to a suspect. This
type of result demonstrates that fluorescence examination is a
complementary tool to chemical treatments, and fully justifies its position
within a sequential treatment process.

8.3.6As prototypes of lasers operating at different wavelengths became
available, CAST carried out a small-scale pseudo-operational trial
examining items recovered from waste bins and in and around the
laboratory. These items were examined using four different light sources
and the number of fingerprints recorded. The results of this study are
recorded below.

Blue laser Green laser | Yellow laser | Quaser 101
(460nm) (532nm) (577nm) (503-587nm)
ltems 56 56 56 56
Total 2 15 20 16
fingerprints
Common 1 13 12 16
fingerprints
Missed 0 0 4 0
fingerprints
Unique 1 3 8 0
fingerprints

Summary of results obtained from different light sources in a laboratory
trial.

8.3.7These results suggested that the green and yellow lasers were effective
in detecting fingerprints, with the yellow laser finding more fingerprints,
and more unique fingerprints overall. Even though the blue laser found
very few fingerprints, it was still capable of finding marks not detected by
other light sources.

8.3.8More recently, studies have been carried out by Hampshire Constabulary
and the Metropolitan Police [27], using a wide range of light sources to
examine exhibits prior to chemical treatments. Both of these studies
incorporated fluorescence examination at different wavelengths using a
range of light sources. Results confirmed that fluorescence examination
will detect marks that are not developed by subsequent chemical
treatment. In the Hampshire study, reported in Chapter 2.1 Visual
examination, fluorescence examination was the sole means of detection
for ~8% of marks recovered from 361 exhibits over a period of 6 months.
In contrast to the earlier CAST study, the green laser was found to be
most effective in detecting marks on operational exhibits, although both
green and yellow lasers found marks not detected by other techniques.

8.3.9CAST also included fluorescence examination as the initial stage in a
pseudo-operational trial to establish the optimum processing sequence
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for plastic bags. In this study, 100 plastic bags of varying types (e.g.
supermarket bags, black bin bags, clear magazine wrappings) were
divided into quarters and each quarter was assessed using a different
fluorescence examination regime followed by a different chemical
treatment sequence. The total number of fingerprints and the number of
fingerprints unique to each process were recorded. The fluorescence
examination regimes used were: exclusively laser examination, using
green, yellow (and blue when available) lasers; exclusively Quaser
examination, using each waveband of a Quaser 101; solely LED
examination, using a green Crime-lite 80S; and finally a full examination
using all of the light sources available. The results of this exercise are
summarised below.

Light source(s) Total Total developed Unique
fingerprints chemically fingerprints to
found with light light source
source
Laser sequence 46 379 24
(460, 532,
577nm)
Quaser 101 34 335 10
Green Crime-lite 19 392 5
Full (Quaser, 65 380 21
Crime-lite, lasers)

Summary of results obtained using fluorescence examination during a
pseudo-operational trial on 100 plastic bags.

8.3.10 It can be seen that on plastic bags, fluorescence examination
sequences utilising lasers typically recover ~10—-15% of the marks found
overall, with up to 50% of the marks found by fluorescence examination
not being subsequently developed by any other process. The lower
power Quaser and Crime-lite sources are less effective, but still find
several unique marks.
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Chapter 3: Finger mark development techniques within
scope of ISO 17025

3.1 Acid dyes (acid black 1, acid violet 17, acid yellow 7)
1. History

1.1 Fingerprints may deposited in a number of contaminants at crime scenes, and
of all these blood is the most commonly observed This is possibly because,
when present even in small quantities, it is easily seen as it strongly absorbs
light throughout the visible spectrum. However, when present in minute
amounts, or on dark, patterned or multicoloured confusing backgrounds, the
blood may require enhancement to make it more useful for evidential
purposes. Additionally, proof that a stain is actually blood rather than an
innocuous substance may be important in assessing guilt or innocence, and
may even be a matter of life or death in some cases.

1.2 The history of proving the presence of blood evidence in forensic investigation
dates back over 150 years using chemical means, and further still when
microscopical methods are considered. Anton van Leeuwenhoek was said to be
the first person to describe and illustrate blood cells in the latter part of the 17th
century, although this is disputed.

1.3 The earliest tests for blood were of two types, both relying on the presence of
the haem group present in the red blood cells. The early tests included those
that reacted with haem to produce crystals and those that relied on its catalytic
nature. More recently (1999) a third test relying on antibodies has been
introduced.

1.4 The crystal or confirmatory tests were formulated by Teichmann in 1853 [1],
producing crystals of haematin, and by Takayama in 1912 [2], producing
crystals of haemochromogen. However, these tests require that the blood be
scraped from the surface, and therefore they can only be used where blood is
easily observed, and cannot be used speculatively. Having to scrape blood also
gives no regard to the forms of physical evidence that may be present, such as
fingerprints, footwear impressions or splash patterns.

1.5 Catalytic or presumptive tests that attempted to keep much of the physical
evidence intact were produced by Van Deen in 1862 based on guaiacum [3],
Schonbein in 1863 using hydrogen peroxide [4] and by Adler and Adler in 1904
using benzidine [5]. They also pioneered the use of leuco-malachite green in
1904 [5]; their method being later modified by Medinger in 1933 [6] to make it
more sensitive.

1.6 In 1901 Kastle and Shedd [7] developed another catalytic test using
phenolphthalein, which Meyer in 1903 [8] modified to detect blood. Further
investigation by Kastle and Amos in 1906 [9] proved the phenolphthalein to be
reacting with haemoglobin present in blood. This test is known as the Kastle-
Meyer Test.

1.7 Other presumptive tests for blood were developed for forensic use by Ruttan
and Hardisty in 1912 using o-tolidine [10]; by Specht in 1937 using luminol (3-
amino-phthalhydrazide); [11] and by Gershenfeld in 1939 using o-toluidine [12].
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In 1911 Abderhalden and Schmidt [13] reported the development of fingerprints
on the bottle label of triketohydrindene hydrate (ninhydrin). This discovery was
not exploited for the detection of fingerprints or blood until 1954 when Oden [14]
produced his ninhydrin formulation based on acetone. The use of this method
for the enhancement of fingerprints in blood revolutionised thinking in this area
of forensic investigation. The emphasis was shifted away from presumptive
tests for haem, which generally require expert opinion to interpret the test
results correctly, to easier to use reagents, which produce intensely coloured
products with other components of blood, usually protein or its breakdown
products.

Use of the protein dye amido black (acid black 1) quickly became popular with
forensic investigators. Its use by the Metropolitan Police Laboratory, in a solvent
base of methanol and acetic acid, was discussed at a forensic science
symposium in 1961 by Godsell [15]. This formulation, with a change away from
the fixing of the mark by the use of heat to immersion in methanol in 1981 [16],
along with a water-based formulation of the same dye [17] continued to be
recommended for the enhancement of fingerprints in blood by the UK Home
Office until 2004 [18] when a new formulation by Sears and Prizeman [19] was
adopted.

Many other protein stains for the enhancement of both fingerprints and footwear
impressions in blood have also been proposed; coomassie blue (acid blue 83)
and Crowle’s double stain (acid blue 83 and acid red 71) by Norkus and
Noppinger in1986 [20], fuchsin acid (acid violet 19, Hungarian Red), patent blue
V (acid blue 1) and tartrazine (acid yellow 23) by Barnett et al. in 1988 [21],
benzoxanthene yellow and acid violet 17 by Sears et al. in 2001 [22] and acid
yellow 7 by Sears et al. in 2005 [23].

Although the use of protein dyes became most popular for enhancing
fingerprints in blood, research on presumptive enhancement methods continued
and in 1976 Garner et al. [24] proposed the use of tetramethyl-benzidene (TMB)
as a safer and more effective technique than benzidine. Suggestions for other
presumptive tests continued; tetraamino-biphenyl (TAB, also known as
diaminobenzidine, DAB) in 1989 by Hussain and Pounds [25], fluorescein in
1995 by Cheeseman and DiMeo [26] and leucocrystal violet (LCV) in 1996 by
Bodziak [27].

In addition there have been many modifications made to ninhydrin formulations
to increase its effectiveness and safety by Crown in 1969 [28] and Morris and
Goode in 1974 [29]. Further changes were forced on the fingerprint community
because of The Montreal Protocol on Substances That Deplete the Ozone
Layer in 1987 and new formulations were proposed by Watling and Smith in
1993 [30] and Hewlett et al. in 1997 [31]. The use of transition metal toners to
change the colour or make the reaction product between amines and ninhydrin
fluoresce have also been proposed by Morris in 1978 [32], Everse and Menzel
1986 [33] and Stoilovic et al. in 1986 [34].

It was also suggested that the use of one of several ninhydrin analogues would
improve sensitivity and many have been proposed; benzo[flninhydrin in 1982 by
Almog et al. [35], 5-methoxyninhydrin by Almog and Hirshfield in 1988 [36], 1,8-
diazafluoren-9-one (DFO) in 1990 by Grigg et al. [37] and 1,2 indandione by
Ramotowski et al. in 1997 [38]. All of these techniques, although primarily
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intended to target with amino acids in latent fingerprints on porous surfaces, will
react strongly with the proteins present in blood to coloured and/or fluorescent
products.

More recently in 1999 Hochmeister et al. [39] validated a one-step
immunochromatographic test for using anti-human Hb antibodies to prove the
presence of human blood. However, this method requires the removal of blood
from the surface so it cannot be used to enhance the physical evidence in situ,
although if this test could be carried out after the application of the more
sensitive protein dyes this would then cover all issues. In 2008 Johnston et al.
[40] compared several of these tests with luminol and concluded the latter was
more sensitive.

It was observed from the earliest times that blood strongly absorbed light and a
number of researchers in the mid- to late-19th century tried to use this as a way
to identify that a stain was blood. Among them were Hoppe in 1862 [41], who
investigated the spectral properties of the colouring matter in blood; Stokes in
1864 [42], who was able to recognise the difference between haemoglobin and
oxy-haemoglobin; and Soret in 1883 [43], who characterised the absorption
bands of haemoglobin in the violet and ultraviolet (UV) regions of the spectrum.
In 1865 Sorby [44] studied the spectra of various haemoglobin derivatives and
proposed these as a means of identification for blood stains.

In the late 1970s and early 1980s it was observed by those developing high-
intensity light sources that one of their most useful properties was that shorter
wavelengths of light in the UV and violet make surfaces fluoresce strongly and
this can give extra detail if a fingerprint is in a strongly light-absorbing material
[45]. This is an especially valuable method for the enhancement of fingerprints
in blood as the haem group absorbs light throughout much of the visible part of
the spectrum [46,47].

All these developments meant that by the late 1990s there were so many
reagents and formulations existing for the enhancement of blood-contaminated
fingerprints and footwear impressions with little or no comparative data that they
were causing immense confusion among practitioners. Also the emergence of
DNA analysis heaped even more uncertainty over which techniques could or
should be used for the enhancement of blood. Vital evidence was likely to be
lost by the wrong choices. Therefore the UK Home Office set out to clarify the
situation and began a programme of work to review and compare the most
commonly used of these techniques [19, 22, 23]. Resulting from this colossal
task there were a number of key findings that were incorporated in a
comprehensive update to The Manual of Fingerprint Development Techniques
in 2004 [18], which included the current formulations for acid black 1, acid
yellow 7 and acid violet 17.

2. Theory

2.1

Blood consists of red cells (erythrocytes), white cells (leukocytes) and platelets
(thrombocytes) in a proteinaceous fluid called plasma, which makes up roughly
55% of the whole blood volume. The red cells principally contain the
haemoglobin protein, but also have specific surface proteins (agglutinogens)
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that determine blood group. The white cells, which form part of the immune
system, have a nucleus that contains DNA.

Haemoglobin makes up roughly 95% of red cells’ protein content and is made of
four protein sub-units each containing a haem group. The haem group is made
of a flat porphyrin ring and a conjugated ferrous ion.

CH==CH, ¢,

HaC CH==CH,

HaC CH,

CH,CH,COOH  CH2CH2COOH

Chemical structure of haem.

As mentioned above, chemical blood enhancement methods fall broadly into
two types; those that react with the haem grouping and those that interact with
proteins or their breakdown products. The last type are not at all specific for
blood; however, because of the high proportion of protein and its products
present in blood, and the fact that they do not rely on the effectiveness of cell
lysation (as do the haem-specific type) the techniques that interact with
proteinous material are the most sensitive available to the forensic investigator
[23].

Many researchers measure the sensitivity of their techniques by diluting blood
with water [23,26,48,49,50]. This method favours techniques that utilise the
haem as all the red cells would be lysed because of osmotic pressure during
dilution, something that will not happen when these techniques are used
operationally. Dilution with a buffer at the same osmotic pressure as blood
serum would give a clearer indication of ultimate technique sensitivity.

There is also one other major advantage of the protein staining techniques, in
that they generally incorporate a stage that either denatures or fixes proteins to
the surface; as most proteins, including haemoglobin, are water soluble, the
blood-contaminated fingerprint is not then diffused during treatment.

There are two types of techniques that can be used to target proteins in blood;
those that react with amines (e.g. ninhydrin), and those that stain proteinous
material (e.g. acid dyes). It is this class of protein dyes that constitute the
processes recommended by the Centre for Applied Science and Technology
(CAST), i.e. acid black 1, acid violet 17 and acid yellow 7.
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As stated above, the protein dyes used by HOSDB for the enhancement of
fingerprints in blood are a group known as acid dyes. They are often
characterised by the presence of one or more sulphonate (-SO3) groups,
usually the sodium (Na®) salt. These groups function in two ways; firstly to
provide solubility in water or alcohol, the favoured major solvents from which to
apply these dyes, and secondly by virtue of their negative charge (anionic). If
acidic conditions are used (acetic acid being the favoured option), the blood
protein molecules acquire a positive charge (cationic) and this attracts the acid
dye anions. Hydrogen bonding and other physical forces such as Van der
Waals bonds may also play a part in the affinity of acid dyes to protein
molecules [51].

Protein stains are applied via a three-stage process.

Firstly the marks are fixed using a solution of 5-sulphosalicylic acid in water;
this precipitates the basic proteins and thus prevents diffusion of the marks
and any associated loss of detail. This fixing stage gives the protein dyes
another advantage over the presumptive tests for fingerprint development
because as well as being more sensitive, it is often found that the fingerprint
ridges are more sharply defined and the detail is clearer.

The marks are then treated with an acidic protein stain that dyes the
precipitated basic proteins in the manner described above to give a coloured
product.

A washing stage is required post-staining. On non-porous surfaces this just
removes excess dye, however on porous surfaces this also acts as a de-
stainer, removing dye that has been absorbed by the background surface. The
wash solution has to be carefully constructed so that it dissolves the dye, does
not either diffuse or wash away the dyed fingerprint and retains the intensity of
colour of the dye in the fingerprint. For this reason the same solvent mix as
that used for the dyeing process, or some small variation of it, is generally
most effective in this application [11].

Fluorescence examination can also assist in the subsequent visualisation of
marks developed using the acid dyes. The use of acid black 1 or acid violet 17
can further intensify the contrast between the fingerprint and the background by
increasing the light absorption properties of the blood, and this may aid
visualisation of developed marks during fluorescence examination.

2.10 Acid yellow 7 stains blood with a fluorescent species that can be excited by blue

2.1

(420—485nm) light. The resultant fluorescence from the stained mark can be
less pronounced on heavy deposits of blood as the haem group retains its
ability to absorb both the excitation light and that emitted as fluorescence.

It has also been observed that acid violet 17 has weak fluorescence in the deep
red and near infra-red (IR) regions of the spectrum when excited with
green/yellow and yellow wavelengths, and this fluorescence could also be
utilised to view developed marks.
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3. CAST processes

3.1

3.2

3.3

3.4

3.5

CAST recommends the use of a number of fingerprint development and blood
enhancement processes for use on fingerprints in blood, the ultimate process
selection being dependent on the characteristics of the surface the blood is
present on [18]. Three acid dyes (acid black 1 [naphthlene black, naphthol blue
black, Cl 20470], acid violet 17 [Coomassie brilliant violet R150, Cl 42650] and
acid yellow 7 [brilliant sulphoflavine, Cl 56205]) are recommended only for use
on blood. DFO and ninhydrin will also develop marks in blood, but are also the
most sensitive techniques for the development of latent fingerprints on porous
surfaces [19,22,23].

A holistic approach has been adopted for the acid dyes: the formulations for
fixing, staining and de-staining have been very carefully constructed so that the
blood is fixed effectively, then it is kept from diffusing during the staining and de-
staining stages, and finally the strong coloration from the dye is retained during
de-staining [19].

The most effective formulation for the three recommended acid dyes is as
follows [23]:

fixing solution — 23g 5-sulphosalicylic acid dihydrate dissolved in 1 litre water;

staining solution — 1g acid dye (acid black 1, acid violet 17 or acid yellow 7)
dissolved in 700mL distilled water, 250mL ethanol and 50mL acetic acid;

washing solution — 700mL water, 250 mL ethanol and 50 mL acetic acid.

If acid dye formulations are applied directly to fingerprints in blood without a
fixing stage, the blood will dissolve and the ridges will either diffuse or be
completely washed away. A number of different fixing agents have been
investigated, but the most effective are 5-sulphosalicylic acid and methanol.
Which fixing agent is used will depend upon the major solvent used in the
dyeing process; in the current (post-2004) formulations where water is the main
solvent, a solution of 5-sulphosalicylic acid is most effective. However, in the
previously recommended formulations where the main dyeing solvent was
methanol, methanol was found to be the best fixing agent [19]. These fixing
agents act in different ways; 5-sulphosalicylic acid precipitates basic proteins
and methanol dehydrates the blood. All-in-one formulations that stain and fix
are generally not stable for more than a day or two and are not as effective as a
two-stage process, both in fixing and dyeing.

Acid black 1 (also commonly known as amido black) is a protein stain that dyes
the proteins present in blood to give a blue/black colour. It can be absorbed by
some porous surfaces so an area away from the mark to be enhanced needs to
be tested first to ensure that there is no background staining.
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Structure of acid black 1.
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Fingerprints in blood on paper enhanced using acid black 1.

Acid violet 17 is a protein dye that stains the proteins present in blood to give a
bright violet product. It can also be absorbed by some porous surfaces,
therefore an area of the substrate away from the target enhancement area
should be tested to assess background staining.

Structure of acid violet 17.
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Fingerprints in blood on a wooden handle enhanced using acid violet 17.

3.7 Acid yellow 7 stains the proteins present in blood to give a pale yellow product
that fluoresces bright yellow when viewed under blue/green 385-509nm
illumination. The haem group acts as an energy sink that improves the
enhancement of lighter marks. Acid yellow 7 is recommended in the Manual of
Fingerprint Development Techniques [18] for use on dark non-porous surfaces
only because it can not easily be removed from the background of porous
surfaces.

Structure of acid yellow 7.

Fingerprints in blood on a dark glass bottle enhanced using acid yellow 7.

3.8 It was found that concentrations of these dyes of less than 0.1w/v resulted in
less effective staining [19] and therefore the dye concentration used in the
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formulation above is selected to minimise dye content yet retain staining
effectiveness.

The presence of a short chain alcohol in the dyeing solution helps to prevent the
blood from diffusing during the dyeing stage [19]. Ethanol is preferred as this
offers lower toxicity and flammability than methanol. The use of water as the
major solvent gives the solution a flash point of around 30°C enabling this
formulation, containing water, ethanol and acetic acid, to be used at scenes of
crime with a few simple precautions [18].

4. Critical issues

4.1

4.2

4.3

4.4

The entire scope of blood evidence (blood pattern analysis, footwear
enhancement, DNA recovery) should be taken into account before deciding on
a treatment for fingerprint evidence alone. In some cases the correct sequence
of application will be essential in order to maximise evidential opportunities and
the use of protein stains may affect other forms of evidence.

The protein stains should not be used as the sole means of determining
whether a mark is in blood, because they give positive reactions with a number
of other protein-containing substances (e.g. egg white). Other presumptive tests
should be used to confirm the presence of blood (preferably using an area that
does not contain ridge detail) before proceeding to enhancement with protein
stains.

The fixing stage is essential for the process to be effective. If a fixative is not
used, the blood marks will diffuse as the dye solution is applied to them,
possibly destroying the ridge detail.

The current (post-2004) solutions are flammable, with a flash point of 30°C. The
solutions should not be used in situations where the flash point is likely to be
exceeded or where sources of ignition are present.

5. Application

5.1

5.2

Suitable surfaces: The three protein dyes recommended are suitable for use on
all non-porous surfaces where blood contamination is suspected to be present.
Acid black 1 and acid violet 17 are also suitable for use on porous surfaces
contaminated with blood, whereas acid yellow 7 is not recommended for porous
surfaces because it is more difficult to wash the dye out of the background,
making fingerprints more difficult to see.

Currently (2011) it is considered that combinations of fluorescence examination,
two amino acid reagents and three acid dyes are the most effective means of
enhancing fingerprints in blood [23]. The most appropriate and effective
techniques to use, either individually or in a sequence, depend on the porosity
of the surface to be treated. This applies to both latent fingerprint development
and enhancement of blood-contaminated fingerprints.
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Fluorescence examination of the surface should always be carried out before
any other technique to see if any marks are revealed as dark absorbing ridges
against a fluorescing background. High-intensity light sources with outputs
between 350—450nm are most effective.

When the blood-contaminated or latent fingerprints are on porous surfaces the
most effective sequence of techniques is DFO, ninhydrin, either acid black 1 or
acid violet 17, after carrying out a spot test to see which is most suitable, and
then finally physical developer [23].

When the blood-contaminated or latent fingerprints are on non-porous surfaces
the most effective sequence of techniques is vacuum metal deposition (VMD),
powders, acid yellow 7, acid violet 17 then finally either powder suspensions or
solvent black 3 (Sudan Black). Superglue may be used instead of VMD or
powders but this will inhibit the dyeing process for blood by sealing the surface
and preventing the dye reaching the blood [23].

The three recommended acid dyes, acid black 1, acid violet 17 and acid yellow
7, should all be applied to blood that has been fixed for at least five minutes with
a solution of 5-sulphosalicylic acid. Dyeing of fixed blood is most effective if
immersed in the dyeing solution for at least three minutes for acid black 1 and
acid violet 17 whereas acid yellow 7 requires at least 5 minutes. Areas heavily
contaminated with blood need longer dyeing times. If it is not possible to
immerse the bloodied fingerprints then the dyeing solution should be applied
above the area of interest and allowed to flow down over it, keeping the area
damp for the specified time. A well may be constructed around the area of
interest on horizontal surfaces, which may be flooded and drained as
appropriate, or tissues soaked in dye may be applied to the surface [52].
Ethanol-containing staining or de-staining solutions should never be sprayed
because this lowers the flash point by at least 100°C making it impossible to
work without creating a flammable atmosphere.

Areas of interest will then need to be washed or de-stained to remove excess
dye. The most effective solution for doing this is the same solvent composition
as the dye solution, washing as required to remove dye or de-stain the
background.

High-intensity light sources capable of delivering output wavelengths between
420-485nm must be used to excite fluorescence from blood dyed with acid
yellow 7. The fluorescence emitted is between 480-550nm. The use of shorter
wavelengths between 350—450nm to excite background fluorescence after acid
black 1 or acid violet 17 treatment may be beneficial.

Work carried out by CAST has demonstrated that positive DNA identification
may be made after fluorescence examination and any single chemical treatment
provided simple guidelines are followed. If more than one fingerprint
development technique is used in sequence then the chances of successfully
carrying out DNA identification are much reduced [18].
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6. Alternative formulations and processes

6.1 There are a great number of blood reagents, only some of which have been
mentioned above, and there can be many different formulations of each of
those reagents to consider. Some of these will be described in more detail in
Chapter 5.1. The water-based formulation of the acid dyes are probably the
most practical alternative formulations because they can be used at all times,
although methanol-based solutions might prove beneficial under some
specialised circumstances.

Water-based method Methanol-based method

Fixing solution 20g 5-Sulphosalicylic acid | Methanol (99%+)
1,000mL Distilled water

Staining solution 2g Acid dye 2g Acid dye
20g Citric acid or 5% v/v 900mL Methanol
acetic acid
100mL Acetic acid
1,000mL Distilled water
De-staining solution 1 Distilled water (5% v/v 900mL Methanol
acetic acid helps to retain
coloration) 100mL Acetic acid
De-staining solution 2 Distilled water (5% v/v 950mL Distilled water
acetic acid helps to retain
coloration) 50mL Acetic acid

Methanol-based and water-based acid dye and de-staining formulations.

6.2 Originally these formulations were developed for use with acid black 1, but both
can be used equally well with acid violet 17 and acid yellow 7.

6.3 Advantages of methanol-based and water-based acid dye formulations

6.3.1 The water-based formula does not use flammable or toxic solvents and can
therefore be used safely regardless of the temperature at the scene of a crime.
It can also be used in a laboratory if extraction is not available. It is an easy
process to use and cheap to carry out.

6.3.2 The methanol-based formula is very effective, cheap and an easy method to
use for enhancing fingerprints in blood. It gives good ridge definition, little
background staining and produces dark blue-black fingerprints.
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6.4 Disadvantages of methanol-based and water-based acid dye formulations

6.4.1 The water-based formula does not always produce optimum results as it may
give diffuse fingerprint ridges and weaker coloration with less contrast,
especially on porous surfaces. More coloration may be retained by the inclusion
of 5% v/v acetic acid in the de-staining solutions. Also on porous surfaces, the
contrast between the fingerprint and the background can sometimes be poorer
than that achieved when using the methanol-based formulation because of
relatively high background staining and the lower colour intensity of the
developed ridges.

6.4.2 The methanol-based solutions are toxic by ingestion and skin absorption.
Methanol is also a highly flammable solvent. Although this formulation can be
used safely in a laboratory, its use at scenes of crime is not recommended due
to potential ignition or the possibility of absorption of methanol through the skin.
Leaching of blood from heavy deposits also occurs with this formulation unless
long fixing times (> 10 minutes) are used. The methanol-based formulation may
also soften or destroy some surfaces including paints, varnishes and some
plastics, damaging or obliterating ridge detail.

6.5 Rejected dyes and techniques

6.5.1 The CAST blood enhancement project investigated many dyes and reactive
techniques that proved less effective, and considered many others that were not
ultimately studied because of health and safety concerns. The dyes and
techniques that were investigated in practical experiments are listed below in
categories.
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6.5.2 Protein dyes [22] : Acid blue 74 (indigo carmine), acid blue 83 (Coomassie
brilliant blue R250), acid blue 90 (Coomassie brilliant blue G250), acid blue 92
(Coomassie blue R), acid blue 147 (xylene cyanol FF), cid red 1 (amido
naphthol red G), acid red 71 (Crocein scarlet 7B), acid red 87 (eosin y), acid red
88 (roccellin), acid red 112 (Ponceau S), acid violet 19 (fuchsin acid, Hungarian
Red), acid yellow 23 (tartrazine), benzoxanthene yellow (Hoechst 2495), brilliant
sulphaflavine, Crowles double-stain (acid blue 83 and acid red 71), direct yellow
12 (chrysophenine), MBD (7-[p-methoxybenylamino] -4-nitro-2,1,3-
benzoxadiazole).

6.5.3 Haem-specific reactive techniques [23]: Azino-di-benzthiazoline sulphonic acid
(ABTS); diaminobenzidine (DAB) or tetraamino-biphenyl (TAB); guaiacol;
leucocrystal violet (LCV); leucomalachite green (LMG); luminol; organic acid
(formic or acetic) and hydrogen peroxide (haematoporphyrin); fluorescein.

6.5.4 Amine and protein reactive techniques [23]: ATTO-TAG™ CBQCA; ATTO-
TAG™ FQ; fluorescamine; Lucifer Yellow vinyl sulphone (VS) ; SYPRO® Ruby
Protein Blot Stain.

1 ' 3 p f d . { 4 . ! i . 2

Examples of split depletion experiments carried out on wallpaper and painted wall
surfaces using a range of alternative protein stains.

7. Post-treatments

7.1 Fluorescence examination is the most notable post-treatment process and this
has been discussed fully above in sections 2.9 and 2.10.

7.2 However, it appears from more recent studies on footwear marks that powder
suspensions may have an affinity for blood and can be used as an
enhancement technique after the protein dyes [52]. It should be noted that the
current (post-2009) application methods will cause potentially disastrous over-
development on heavy blood deposits, but on faint fingerprints on non-porous
surfaces there may be significant enhancement. Powder suspensions are not
specific for blood and cannot be used to determine that any additional ridge
detail is in blood.
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Finger marks in blood in a depletion series on a ceramic tile showing deposited
marks numbers 27,28,29,36,37,38,39, a) enhanced using acid black 1 and b)
subsequently treated using iron oxide-based powder suspension.

8. Validation and operational experience

8.1

The validation of blood dyes is carried out both in terms of the number of
graded marks, and also in terms of sensitivity to diluted blood. The first test will
give an indication of how far down a depletion series the blood reagent will work
(i.e. how many multiple contacts from a single finger contaminated with blood at
normal concentration can be detected) and the second will indicate how
sensitive the technique is to dilute traces of blood (as may be experienced
where efforts have been made to clean a crime scene). Because blood is being
targeted as a contaminant, the results obtained for fingerprints will be applicable
to development of other types of blood evidence, such as footwear marks (and
vice versa). There will be some exceptions to this, e.g. luminol is recommended
as a footwear development process for carpets, a surface for which there is no
recommended fingerprint development process, but would not be
recommended as a primary technique for development of fingerprints because
the requirement for spray application without fixing may diffuse fingerprint ridges
and destroy evidence.

8.2 Laboratory trials

8.2.1During the late 1990s and early 2000s, HOSDB conducted a series of

experiments to optimise the Acid Black 1 formulation and to identify alternative
blood enhancement agents with potentially improved performance [19,22,23].
Experiments to assess the effectiveness of protein dyes were carried out by
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using series of 6 split depleted blood-contaminated fingerprints on 9 or 15
surface types, depending on whether or not the technique was appropriate for
both porous and non-porous surfaces. However, it became obvious that this
experiment was not sufficient to resolve the differences in sensitivity of some
fluorescent dyes on non-porous surfaces, so the number of depletions was
increased to 18.

8.2.2 Additionally, in the literature it is common to compare the sensitivity of blood
enhancement techniques by diluting blood with distilled water. Accordingly it
was decided to assess techniques in this manner so a series of 12 dilutions
from 1/100 to 1/100,000 were used along with a distilled water control. These
tests were carried out on photocopy paper and glass using 5ulL of solution for

each spot.

8.2.3 Of the 17 protein stains investigated, 2 absorbing (acid violet 17 and acid violet
19) and 2 fluorescent (brilliant sulphaflavine and benzoxanthene yellow) dyes
were identified for further study. Ultimately the original fluorescent dyes became
unavailable and Acid Yellow 7 (brilliant sulphoflavine) was identified as a
suitable substitute. Further comparisons showed that acid violet 19 was less
effective than both acid black 1 and acid violet 17. The lighter coloration of
marks stained with Acid Violet 19 produced ridge detail with less contrast with
the background than the other two dyes.

8.2.4 On porous surfaces acid violet 17 proved to be more effective than both the
water- and methanol-based formulations of acid black 1, and was very similar in
performance to the newly developed water/ethanol/acetic acid (WEAA)

formulation of acid black 1.

8.2.5 Experiments on a further 24 porous surfaces failed to show conclusively
whether one of these dyes was more effective than the other. However, there
were some surfaces where one dye performed better than the other. It proved
impossible to define before treatment whether the acid violet 17 or the acid
black 1 would give greatest contrast.

8.2.6 Some of the results of comparing and grading fingerprints developed using acid
black 1, acid violet 17 and acid yellow 7 across eight different non-porous

surfaces are shown below.

Grade 24 Hours after deposition 2 Weeks after deposition
Acid black 1 | Acid violet 17 | Acid black 1 | Acid violet 17
0 0 0 0 0
1 0 0 0 0
2 42 46 46 49
3 35 26 31 20
4 167 160 166 174
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Grade 24 Hours after deposition 2 Weeks after deposition
Acid black1 | Acid yellow7 | Acid black1 | Acid yellow 7
0 0 0 0 0
1 0 0 0 0
2 50 46 51 70
3 39 40 33 38
4 185 188 191 167

Examples of comparative grading exercises carried out between acid black 1,
acid violet 17 and acid yellow 7 on non-porous surfaces including glass,
ceramic tile, polymers and metals

8.2.71t can be seen that the performance of each of the recommended acid dyes is
closely equivalent and the three dyes can be used interchangeably according to
which dye will give the best contrast on the particular surface.

8.2.8 The comparative performance of the recommended protein dyes with other
types of blood enhancement techniques and with alternative formulations of the
same dyes on split depleted fingerprints are shown in the table below.

Technique

Type

(H = haem,
A = amine,
P = protein)

Subjective performance assessment
Frwxx = excellent, * = poor

Porous

Semi-porous

Non-porous

DAB

*%*

*%

*

LCV

*%

*%

Acid Violet 19 +

organic acid/peroxide

H
H
H

*%*

*%

*

Fluorescein

DFO

*kkkk

*%

Ninhydrin

*kkk

*%

SYPRO ruby protein

blot stain

> 1> \1> >

*k%x

*%

*%

Acid Black 1
(methanol)

o

*k%x

*k%

*kkk

Acid Black 1 (water)

*k%x

*k%

*%

Acid Black 1

(water/ethanol/acetic

acid)

T|T

*kkk

*k%

*k%

Acid Violet 17

(water/ethanol/acetic

acid)

*kkk

*k%

*k%

Acid Yellow 7

(water/ethanol/acetic

acid)

*kkkk

Summary table showing subjective overview of the comparative effectiveness of
several regularly used blood enhancement agents.
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8.2.9

The graph below illustrates the sensitivity of each dye at developing the diluted
blood spots on photocopy paper and glass. The sensitivity achieved with diluted
blood is not always consistent with the results of experiments with depleted
fingerprints, so it is believed that comparative dye performance cannot be
measured using dilution series alone. The results below do not take into
account the contrast between the stained spots and the background. If spots
could be seen then they were counted, even if the contrast between them and
the background was very poor.

Dilution Factor

100000
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60000

| Paper
50000

W Glass

40000

30000

=Lk LR

Q X & * 3 . A A
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& & &
oy < N
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Technique

Graph to show the relative performance of various blood enhancement agents
in the spot dilution sensitivity test.* = visualised by fluorescence, ** = visualised
by chemiluminescence.

8.2.10 It should be noted that the graph above shows the sensitivity of luminol to be

relatively poor. This may be because the viewing conditions used were not
optimised. Subsequent research to investigate enhancement of footwear marks
in blood has shown that dark adaption and optimised viewing conditions are
essential and that the sensitivity of luminol may be far greater than is
represented here.

8.2.11 Other laboratory trials that have been carried out using the acid dyes include

an assessment of the technique’s effectiveness on marks in blood that had
been exposed to elevated temperatures [53]. In these studies marks were
deposited on a range of surfaces and exposed to temperatures in the range
100-300°C for periods between one and eight hours. Marks were graded in
terms of both quality and contrast, because it was observed that the contrast of
the developed mark decreased as exposure time and temperature decreased.
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Recorded results of fingerprint quality and contrast for marks enhanced using
blood dyes on a ceramic tile (top row) and white card (bottom row), after
exposure to different temperatures.
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Series of images for acid violet 17 (top row) and acid yellow 7 (bottom row)
showing how quality of developed mark and contrast degrade with increased
exposure temperature and exposure time, a) control, b) 8 hours at 100°C and c)
8 hours at 200°C

8.2.12 The results of this study demonstrated that the acid dyes were capable of
developing marks exposed to 200°C for eight hours, albeit with reduced
effectiveness. Once again, there was little significant difference between the
performance of the three recommended dyes. A further important observation
from the study was that the haem specific reagent leucocrystal violet had
stopped enhancing marks after exposure to temperatures of 150°C, further
supporting the recommendation of the acid dyes for operational use in
scenarios such as arson scenes.
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8.3 Pseudo-operational trials and operational experience

8.3.1 Pseudo-operational trials have not been conducted on the acid dye formulations

because this is not practical with articles contaminated with blood. Because the
contaminant is known, unlike ‘real’ fingerprints that are variable in composition,
the performance in operational use will be the same as that in laboratory tests.
Since the introduction of the new formulation of acid black 1 and the new dyes
acid violet 17 and acid yellow 7 in 2005, feedback from operational work has
been favourable. Feedback has been especially good for acid yellow 7, which
has resulted in, for the first time, the capability of enhancing blood-contaminated
fingerprints on dark non-fluorescing surfaces. The new dye has been
successfully used to develop marks on exhibits including a black Maglite torch
and a dark wood banister, surfaces for which no previous treatment would have
been effective. The dyes have also been used for the successful enhancement
of footwear marks on large areas of non-porous flooring.
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3.2 Basic violet 3 (Gentian Violet)

1. History

1.1 The history of basic violet 3 begins with the discovery of the first
synthetic dye, ‘Mauve’, by W. H. Perkin in 1856. In the following years a
series of aniline dyes were synthesised for the dyeing of textiles,
including methyl violet (basic violet 1) by Lauth in 1861 [1]. A range of
closely related compounds were subsequently synthesised including
basic violet 3 (also known by several alternative names including gentian
violet and crystal violet).

1.2 The applications of these dyes were not confined to the textile industry
and microbiologists began to explore the potential of synthetic dyes for
the staining of biological sections. The German biologist Paul Ehrlich
used aniline water and gentian violet to stain bacteria cells, the gentian
violet targeting the lipids in the cell walls to give a purple stain. In 1884
the Danish physician Hans Christian Joachim Gram further developed
this staining process for selectively staining bacteria and providing
information about the structure of the cell walls. The test is still known as
Gram staining to this date. Basic violet 3 has since been used for a
variety of medical applications, including treatments for ringworm and
scabies, where the ability of the dye to inhibit bacterial action is
beneficial.

1.3 Aniline dyes (of which basic violet 3 is one) have been proposed as
fingerprint reagents since the early part of the 20th century. In 1917 Bock
[2] patented a process for recording latent fingerprints by brushing the
fingerprint with a powder of aniline dye and then fixing the mark by
heating. In 1920 Mitchell was reporting the use of aniline dyestuffs in
powder form as a means of detecting fingerprints [3], with the
observation that basic dyestuffs were preferable.

1.4 As research work into the constituents of fingerprints progressed in the
1960s, reagents were proposed that targeted particular components of
fingerprint residues. Basic violet 3 was proposed as a technique for the
selective staining of epithelial cells and fatty components of fingerprint
residues. Epithelial cells are most likely to be present on the adhesive
side of tapes, where a layer of dead cells may be pulled off the
fingerprint ridges when the tape is touched. The use of basic violet 3 in
this application was reported by the Italian Police in the late 1960s and it
their recommended phenolic formulation was adopted by PSDB and
some forces in the UK during the late 1970s [4,5].
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Photograph of adhesive side of tape sample treated with basic violet 3,
showing violet staining of lipids in ridges and of epithelial cells in
particular.

1.5 Basic violet 3 continued to be used worldwide for development of latent
fingerprints on adhesive surfaces [6] but although good results were
obtained for a wide range of tapes the detection of marks on black tapes
remained problematic, the only technique available for visualisation
being photography under oblique lighting. This was overcome by the
development of the transfer process by the Police Scientific
Development Branch (PSDB) [7,8] and others [9]. This process involved
the sandwiching of the tape between sheets of photographic paper,
resulting in the transfer of the purple stain from the developed fingerprint
to the surface of the white paper.

1.6 It has been found that marks developed using basic violet 3 on adhesive
tapes are also fluorescent, and can be visualised using green/yellow light
to excite the fluorescence and a deep red viewing filter [10]. It was found
that the fluorescence had a peak at 720nm in the deep red region of the
spectrum and extended to a small degree into the near infra-red region
[11]. More recently, yellow (577nm) lasers have become commercially
available and studies have shown that this gives excellent results when
used to image fluorescent marks developed using basic violet 3 [12].

-63 - v1.0



Fingerprint Source Book — Chapter 3: Finger mark development techniques within scope of ISO 17025

Photograph of basic violet 3 fluorescence in fingerprints developed on
adhesive tape, imaged using a SW 532nm green laser (top) and a SW
577nm yellow laser (bottom)

1.7 Basic violet 3 can also be used for detection of fingerprints on a wide
range of non-porous surfaces and can be especially useful where
contamination may be present on the surface.

1.8 The work carried out by CAST on basic violet 3 includes the
development of the transfer process for black tapes in the late 1970s.
More recently, concerns about the toxicity of phenol have prompted in-
depth studies into the development of an effective phenol-free
formulation for basic violet 3 [13] and a comparative study between basic
violet 3 and a possible alternative dye, basic violet 2 [14]. These studies
have culminated in the recent issue of a revised formulation of basic
violet 3 based on Aerosol OT™ (AOT), also known by its chemical name
of dioctyl-sulfosuccinate, sodium salt [15], which in laboratory trials has
consistently out-performed the phenol formulation in terms of number,
quality and contrast of marks developed, and has exhibited a reduced
amount of background staining. However, recent reclassification of
chemicals has resulted in basic violet 3 itself being classed as a suspect
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carcinogen and both phenol and AOT-based formulations must be used
under controlled conditions.

| I| AOT PrENOL ’ o1 mmom lior ol 1 a7 meNOL

Photograph of different adhesive tapes, showing difference in fingerprint
development between phenol and Aerosol OT-based basic violet 3
formulations.

2. Theory

2.1 The exact mechanism by which basic violet 3 selectively dyes fingerprint
deposits is not known, nor has it been determined which individual
fingerprint constituents are targeted by the dye. However, there are two
mechanisms that have been proposed for the interaction of the basic
violet 3 dye molecule with the lipids in the fingerprint.

2.2 The basic violet 3 molecule is shown below:

+
N(CHz)
Cr

PN

- ~

(CHa)2 N(CHa)

The basic violet 3 molecule.
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2.3 Gurr [16] proposes that the basic groups such as amines (NHa, or in this
case NH-R) of neutral dyes such as basic violet 3 could form a chemical
union with the acidic group of the lipids being stained. It is thought that
the staining action occurs via a reaction between the amine group of the
dye and the acidic group of a lipid component (such as a fatty acid). The
possible reaction is shown below.

Dye
! Fc R
AMW NTH AW H MV H
D | e
( —> —> v H
OH OH OH
e e -
MW C% NW NW C\
OH Som “Som
Fatty acid in

acidic conditions

Possible reaction mechanism for staining action of basic violet 3.

2.4 Another proposal is that the dye could link to fatty acids by the formation
of a hydrogen bond between the nitrogen in basic violet 3 and the
hydroxyl group in the fatty acids, as shown below.

H
R —N: mums HO 0O
2 NS
2
Dye Fatty acid

Alternative reaction mechanism for staining action of basic violet 3.
2.5 Both the mechanisms are applicable to the phenolic water solution used

in the basic violet 3 formulation currently (as at 2011) recommended in
the Manual of Fingerprint Development Techniques [17].
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2.6 ltis also known that the basic violet 3 molecule is fluorescent, but when
basic violet 3 is used as a development reagent on non-porous surfaces
fluorescence is not observed in most cases. However, on adhesive tapes
fluorescence is observed, and weak marks that are not visible under
conventional lighting may be revealed by these means. The fluorescence
observed on adhesive surfaces is attributed to the fact that for
fluorescence to occur the structure of the compound must be rigid [18]. It
is thought that the adhesive promotes fluorescence by binding with the
dye molecule and making it more rigid. This theory has been investigated
by spraying non-fluorescent marks developed using basic violet 3 with
spray adhesive. In these studies a significant increase in fluorescence
was observed [13]. It is thought that additional marks are revealed by
fluorescence examination because the more strongly developed, visible
marks ‘self quench’, i.e. the dye absorbs the fluorescence from the
fingerprint, whereas for the weakly coloured marks that are not visible by
eye the fluorescence is not re-absorbed and the marks are detected.

2.7 The fingerprint development process using basic violet 3 is shown
schematically in the series of figures below.

Basic violet 3 molecule

@ @ @
® © ® ® o ®
® O O O
O o °
@
@ @ ® @ @
@
o N[N ()
hN
Fingerprint deposit Substrate
a)
@ @
@
) @
@
@ ® @
@
% s 2N
b)

Basic violet 3 molecules reacting with or bonding to lipids in deposit
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Dyed fingerprint ridges

/

Schematic illustration of the basic violet 3 development process a) basic
violet 3 molecules in solution b) basic violet 3 molecules preferentially
binding to skin cells and lipids in fingerprint ridges and c) dried mark
leaving dyed fingerprint ridges.

3. CAST processes

3.1 There are two formulations recommended for use by CAST, one based
on phenol and the other based on AOT.

3.2 The phenol formulation is produced by first mixing a stock solution
comprising 5g basic violet 3 and 10g of phenol dissolved into 50mL of
96% ethanol.

3.3 A working solution is produced by measuring 1mL of stock solution and
progressively adding distilled water until the gold film formed on the
surface of the solution disappears.

3.4 The role of basic violet 3 in the formulation is to selectively stain the
fingerprint deposits. The quantity used is sufficient to produce a
supersaturated solution of basic violet 3, thus promoting the transfer of
the dye into the lipids in the fingerprint.

3.5 The role of phenol in the formulation is not fully understood. The
presence of phenol has been found to promote the staining ability of
basic violet 3 and appears to make it more specific to fingerprint
constituents. Several theories have been proposed [13], including:

* the pH change due to the addition of the mildly acidic phenol aids
staining;

* phenol aids the wetting of the lipids;

* phenol increases the solubility of the dye, forming a supersaturated
solution;

* phenol replaces the dye anion forming a phenolate, which acts as a
dye carrier and aids penetration of the fats;

* phenol disaggregates dye molecules, increasing their diffusion rates.

3.6 Experiments have been carried out to investigate some of these theories
and while these did not provide conclusive evidence it is thought more
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likely that phenol acts by affecting the solution properties, either making
it supersaturated or by changing its surface tension and increasing
staining.

3.7 The ethanol component of the formulation provides a common solvent
for both phenol and basic violet 3.

3.8 The AOT formulation of basic violet 3 is produced by first producing a
stock solution by dissolving 5g of basic violet 3 in 50mL of absolute
ethanol. A separate 1% w/v AOT solution is then produced by dissolving
AOT in distilled water, stirring for at least 12 hours to allow the AOT to
dissolve. The working solution is produced by placing 1mL of
concentrated stock solution into a clean, dry beaker, then adding 25mL
of AOT solution.

3.9 Similarly to phenol, the role of AOT in the formulation is not fully
understood. AOT is an unusual detergent, being preferentially soluble in
non-polar solvents and forming reverse micelles. One theory is that basic
violet 3 molecules could become contained within the reverse micelles,
which are in turn preferentially soluble in the fingerprint lipids compared
with the polar water/ethanol solution [13].

4. Critical issues

4.1 Basic violet 3 is classified as being carcinogenic and phenol (a major
constituent in one of the formulations) is mutagenic. Although the
solution can be used safely in a laboratory environment if the procedures
outlined in the Manual of Fingerprint Development Techniques [17] are
followed, it should not be used in the uncontrolled environment of a crime
scene.

4.2 If a gold film forms on the surface of the basic violet 3 working solution it
should be discarded because this may give a high background staining
on the surface being treated.

4.3 In general strongly stained fingerprints either do not fluoresce or
fluoresce weakly, this is believed to be due to quenching effects.
Fluorescence is therefore most valuable for detection of weakly stained
fingerprints. However, this means that on dark tapes strongly dyed
fingerprints may be missed unless a transfer technique is used.

5. Application

5.1 Suitable surfaces: Basic violet 3 is suitable for use on the adhesive side
of adhesive tapes and on surfaces contaminated with fats. It is also
suitable for use on all non-porous surfaces as the final process in a
sequential treatment. Its use should be restricted to small articles
because of issues with carcinogenicity of the solution.
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5.2 The principal application for basic violet 3 is in the development of
fingerprints on the adhesive side of adhesive tapes, where it can be used
as a single treatment or in sequence to develop additional marks after
powder suspensions or superglue [19].

5.3 The AOT-based basic violet 3 formulation can be used on tapes of any
colour and also on tapes with both acrylic and rubber-based adhesive.
However, if used as a single treatment, laboratory trials indicate that it is
less effective than powder suspensions and superglue and it is more
appropriate for use as part of a sequential processing regime.

5.4 Basic violet 3 is also recommended as a treatment for contaminated
surfaces, where its specificity as a lipid dye may be capable of
selectively dyeing the fingerprint ridges without background staining of
the contaminant. This is only recommended for small articles because of
the toxicity issues associated with the phenol-based formulation. Solvent
black 3 can be considered as an alternative treatment for contaminated
surfaces and although laboratory trials indicate that solvent black 3 may
be more effective than basic violet 3 on latent prints, the most effective
treatment on contaminated surfaces has not been conclusively identified.

5.5 Basic violet 3, used in the form of the Forensic Science Service (FSS)
crystal violet formulation, see below, has also been proposed as a
treatment for soot-covered articles retrieved from arson scenes, where
the phenol in the formulation was believed to assist in lifting surface soot
and developing the fingerprint. More recent experiments indicate that
other chemical treatments and soot removal techniques may be more
effective in this application [20].

5.6 Most recently, studies on plastic packaging materials show that basic
violet 3 will develop additional marks if used as the final stage in a
sequential treatment regime, and it is now recommended for these
purposes on plastic packaging and non-porous surfaces.

6. Alternative formulations and processes

6.1 An alternative composition based on basic violet 3 is used in the UK by
the FSS [21]. This formulation (known as the FSS crystal violet
formulation) consists of the following:

* 50g of basic violet 3 dissolved into 2.5 litres of ethanol (min. 95%
assay) to form a stock solution;

* 200ml of stock solution added to 4.8 litres of water to form a
working solution.

6.2 This formulation was tested against the phenolic formulation in the

Manual of Fingerprint Development Techniques [17] on a range of
substrates, including clear, black and white polythene sheet, laminate,
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ceramic tiles, melamine and white hardboard using split depletion series.
In this comparison [22] it was found that the formulation in the manual
produced stronger staining and more ridge detail than the FSS crystal
violet formulation.

Images showing relative effectiveness of Home Office Centre for Applied
Science and Technology basic violet 3 formulation (GV) and Forensic
Science Service crystal violet formulation (CV) on non-porous surfaces.

6.3 CAST has also conducted an extensive evaluation of alternatives to
phenol in the formulation, including disinfectants and antibacterial
agents, substances with similar chemical structures, properties or
functional groups, detergents and surfactants, and substances used as
phenol replacements in other formulations [13]. These are summarised
in the table below.

Disinfectants / Similar Detergents / Other phenol
antibacterials structure, surfactants replacements
properties,
functional
groups
Hexachlorophene | Cyclohexanol Aerosol OT Ammonium
(AQT) hydroxide
Benzalkonium Phenylalanine Aerosol 22 Sodium chloride
Chloride
Cetrimide Aspargine 1-pentane Ammonium oxalate
sulfonic acid
Chlorhexidine Arginine 1-hexane Pyridoxamine.2HCI
sulfonic acid
-71 -
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Chlorhexidine L-Ascorbic acid 1-heptane Pyridoxine.HCI
diacetate sulfonic acid
monohydrate
Chlorhexidine Salicylic acid 1-octane sulfonic | Pyridoxal.HCI
digluconate acid
2,4,6- Sulfosalicylic 1-decane
Trichlorophenol acid sulfonic acid
Oxalic acid Cholic acid

Deoxycholic acid

Aurocholic acid

Dehydrocholic
acid

Alginic acid

Caprylic acid

N-Lauryl
Sarcosine

LOC High Suds

Arylan PWS

Alternatives to phenol investigated for basic violet 3 formulations.

6.4

Of these, only AOT gave performance equivalent to or better than the

phenol-based formulation and hence was the only compound considered
in further, more focused studies. These subsequent studies [14,23]
confirmed the observation that the AOT formulation consistently out-

performed the phenol formulation in laboratory trials and this formulation
was ultimately recommended for operational use on adhesive tapes after
a brief operational trial.

6.5

CAST has also assessed a wide range of alternative lipid dyes, some

water soluble, some ethanol soluble and some soluble in both solvents.
In addition, some other dyes containing NHz groups were also evaluated
because this characteristic appeared to be important in the staining of
fingerprints. The full list of dyes evaluated is given in the table below.

Common name Colour Index name Colour Index number
2,7-Dichlorofluorescein | — -
Basic fuschin Basic red 9 42500
Bismark brown R Basic brown 4 21010
Cresyl violet acetate - -
Darrow red - -
Indophenol blue - 49700
Lucifer yellow CH - -
Methyl violet Basic violet 1 42535
Methylene blue Basic blue 9 52015
Neutral red Basic red 5 50040
New fuschin Basic violet 2 42520
Nigrosin Solvent black 5 50415
Nile blue Chloride Basic blue 12 51180
-72 -
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Nile red - -

Qil blue N Solvent blue 14 61555
Qilred O Solvent red 27 26125
Phenosafranine - 50200
Primulin Direct yellow 59 49000
Pyronine B — 45010
Rose engal Acid red 94 45440
Safranine O Basic red 2 50240
Sudan green 4B Solvent green 3 61565
Sudan lll Solvent red 23 26100
Sudan orange G Solvent orange 1 11920
Solvent violet R Disperse violet 1/solvent | 61100

violet 11

Thiazol yellow G Direct yellow 9 19540
Thionin - 52000
- Acid black 48 65005

Dyes investigated as possible alternatives to Basic Violet 3.

6.6 Of this selection of dyes, basic red 5, direct yellow 59, phenosafranine,
basic red 2, cresyl violet acetate, basic violet 2 and basic violet 1 were
considered worthy of further investigation. Optimised formulations based
on basic violet 2 were ultimately developed, but in comparative trials with
an experimental formulation of basic violet 3, the basic violet 2
formulation was found to be less effective [14].

Phenosafranin Darrow
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|

Examples of some of the split depletion experiments conducted using

alternative lipid dyes.

7. Post-treatments

7.1 The principal post-treatment used for fingerprints treated with basic violet
3 is the transfer process [7], used for fingerprints on the adhesive side of
dark tapes where the violet colour of the dye cannot be seen. In this
process the tape is placed in contact with the glossy surface of
photographic paper and pressed. Dye is transferred to the surface of the
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white paper and the violet dye can be easily visualised. Another
advantage of this process is that the fluorescence of the marks is
generally increased because the concentration of the dye transferred is
less than that present in the original developed fingerprint, reducing the
self-quenching effect of the dye.

8. Validation and operational experience

8.1 Laboratory trials

8.1.1Extensive laboratory trials have indicated the following.

* Basic violet 3 alone is not the most effective treatment for any type of
adhesive tape.

* Basic violet 3 can be effectively used as a final sequential treatment
for adhesive tapes after either superglue or powder suspensions.

* The AOT-based basic violet 3 formulation appears to develop better
quality fingerprints with better contrast, causes less background
staining and has fewer health and safety issues associated with it
than the phenol-based formulation.

* Basic violet 3 can also be used on contaminated, non-porous
surfaces but it has not been conclusively shown whether basic violet
3 or solvent black 3 (or indeed iodine or powder suspensions) are the
optimum treatment in these circumstances. Basic violet 3, solvent
black 3 and iodine all stain fats, whereas powder suspensions will not
stain fats but will develop latent fingerprints laid on contaminated
surfaces.

8.1.2The experiments conducted to support the statements above are
summarised below. During studies on optimum treatments for adhesive
tapes, basic violet 3 was compared with superglue as a single treatment,
and as a secondary treatment after superglue. It was also investigated
as a secondary treatment after carbon-based powder suspensions. In
total, over 1,000 marks were graded during this study. The results are
shown graphically below.
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b)

Comparison of number of marks developed using basic
violet 3 (BV3) and sequential treatment of superglue (SG)
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Graphs showing additional marks developed using basic violet 3 (BV3) in
sequence on adhesive tapes a) comparison of BV3 alone with superglue
(SG) followed by BV3 b) comparison of BV3 alone with superglue
followed by basic yellow 40 (BY40), followed by BV3 and c) BV3 after
carbon powder suspension (CWP) on both acrylic and rubber-based
adhesives.

8.1.3It can be seen that basic violet 3 is not as effective as superglue, but
does develop additional marks after both superglue and powder
suspensions on adhesive tapes.

8.1.4Research into phenol replacements evaluated a range of surfactants, of
which AOT gave performance equivalent to, or better than, the phenol-
based formulation and hence was the only compound considered in
further, more focused studies on adhesive tapes.

Comparison of quality and contrast grades (1-4) for phenol
(PhOH) and Aerosol OT (AOT) basic violet 3 (BV3)
formulations

80

70
60
0
-
8 50
E o Grade 1
)
e 40 — | |® Grade 2
ol 0O Grade 3
c
8 30 || |oGrade 4
e
20 ,_ —
i -’tI { I |
0
Quality Quality Contrast Contrast
BV3/PhOH BV3/AOT BV3/PhOH BV3/AOT

Graph comparing effectiveness of phenol (PhOH) and Aerosol OT
(AOT)-based basic violet 3 (BV3) formulations, results based on grading
of 1,920 half prints.

8.1.5These subsequent studies [14,23] incorporated further phenol
alternatives and confirmed the observation that the AOT formulation
consistently out-performed the phenol and pyridoxine hydrochloride
formulations in laboratory trials and this formulation was ultimately
recommended for operational use on adhesive tapes after a brief
operational trial.

-76 - v1.0



Fingerprint Source Book — Chapter 3: Finger mark development techniques within scope of ISO 17025

Comparison of quality and contrast for phenol (PhOH),
Aerosol OT (AOT) and pyridoxine hydrochloride (P.HCI) basic
violet 3 (BV3) formulations
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Three-way comparison of phenol, Aerosol OT and pyridoxine

hydrochloride basic violet 3 formulations on tapes peeled off plastic

bags, based on 4,494 half prints.
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Comparison of quality and contrast for phenol (PhOH),
Aerosol OT (AOT) and pyridoxine hydrochloride (P.HCI) basic
violet 3 (BV3) formulations
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Three-way comparison of phenol, AOT and pyridoxine hydrochloride
basic violet 3 formulations on tapes removed from plastic bags using

freezer spray, based on 1,798 half prints
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8.1.60f all of the alternative lipid dyes evaluated, the most promising was
basic violet 2. Comparative studies were conducted between basic violet
2 and basic violet 3, the results indicating that basic violet 2 was inferior
in performance based on the colour of marks developed and hence no
further research was carried out on this dye.

Comparison of quality and contrast for basic violet 2 (BV2)
and basic violet 3 (BV3) pyridoxine hydrochloride (P.HCI)

formulations
70

60

50

Percentage of marks graded 3/4

Quality Contrast Quality Contrast
BV2/P.HCI BV2/P.HCI BV3/P.HCI BV3/P.HCI

Comparison of pyridoxine hydrochloride-based basic violet 2 and basic
violet 3 formulations (pyridoxine hydrochloride-based basic violet 3
subsequently found to be less effective than phenol and AOT-based
basic violet 3). Results obtained from grading 300 half fingerprints.

8.1.7Comparative studies were also carried out between basic violet 3 and
solvent black 3 on a range of non-porous surfaces. These are reported in
Chapter 3.9 and show that there is no clear difference between the two
processes in this application.

8.2 Pseudo-operational trials and operational experience

8.2.1An operational trial was conducted, comparing the effectiveness of both
phenol- and AOT-based basic violet 3 formulations with CAST-
formulated powder suspensions and a commercial powder suspension.
Results were obtained on both black tapes (where a white powder
suspension was used) and light tapes (where black powder suspensions
were used). These were conducted with police forces traditionally
receiving large numbers of tape exhibits over a period of 18 months.
However, tapes are not common exhibits and it took a considerable time
to generate sufficient data for a reasonable comparison to be made.
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Comparison of processes for non-black tapes
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Results of operational trial on adhesive tapes, comparing Aerosol OT
and phenol-based basic violet 3 formulations with a) Home Office Centre
for Applied Science and Technology black powder suspension and
Sticky-Side Powder on non-black tapes and b) Home Office Centre for
Applied Science and Technology white powder suspension on black
tapes.
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8.2.2The trial effectively confirmed the results of the laboratory trials in that
the AOT-based formulation was more effective than the phenol-based
formulation on adhesive tapes and that powder suspensions were more
effective than basic violet 3 as a single treatment. As a consequence,
formulations for AOT-basic violet 3 and black and white powder
suspensions were issued by HOSDB in 2006 [15].

8.2.3A pseudo-operational trial was recently conducted on plastic wrapping
materials, which incorporated basic violet 3 as the final process in a
sequential treatment scheme. The results of this trial are more fully
reported in Chapter 3.7 Powder suspensions, and demonstrate that
basic violet 3 develops up to 10% additional marks in both visual and
fluorescence modes after sequences involving other treatments. As a
consequence, basic violet 3 has been incorporated as the final stage in
the processing treatments for non-porous surfaces and plastic packaging
materials.
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3.3 1,8-Diazafluoren-9-one (DFO)

1. History

1.1 1,8-Diazafluoren-9-one (DFO) was first synthesised by Druey and
Schmidt in the CIBA laboratories in Switzerland in 1950 [1]. The potential
of the chemical for the labelling of amino acids and detection of
fingerprints was not recognised until the late 1980s, when the Central
Research Establishment (CRE) of the then Home Office Forensic
Science Service (FSS) placed a contract with Queens University, Belfast
to investigate ninhydrin analogues. During the course of this research
DFO was identified as a highly promising alternative to ninhydrin,
producing marks of a reddish colour when viewed under normal light.
The most significant feature of the product formed by the reaction
between the DFO reagent and fingerprint residues was that it was
inherently fluorescent and eliminated the need for toning with metal salts,
the process used to make ninhydrin marks fluorescent.

1.2 Before open publication of information on the effectiveness of DFO,
quantities were sent to selected fingerprint research laboratories
worldwide for evaluation. Operational trials were also conducted at two
UK police forces, Surrey [2] and the Metropolitan Police [3]. A
comparative assessment of DFO with ninhydrin and 5-methoxyninhydrin
was carried out in both Israel [4] and New Zealand [5]. The Israeli study
looked at results obtained on a series of paper samples and banknotes
and found DFO to out-perform both forms of ninhydrin. The New Zealand
researchers investigated sequential treatment and found that DFO could
be used before ninhydrin, and did not affect the subsequent use of
physical developer. However, ninhydrin used after DFO was far less
effective and did not produce any additional marks. The fluorescence of
DFO was also superior to that of both ninhydrin forms after toning with
zinc chloride. Another observation made by the New Zealand group was
that DFO also enhanced blood, and could be used in sequential
treatments before amido black (acid black 1).

1.3 With all researchers reporting significant improvements in the number of
marks developed using DFO over the numbers found with ninhydrin, the
first information on the new reagent was published in open literature in
1990 [6,7,8]. The initial formulation issued was based on the
chlorofluorocarbon (CFC) 1,1,2-trifluorotrichloroethane (CFC113)
solvent, with small quantities of methanol and acetic acid, and required
the exhibits to be dipped twice in the solution, allowing them to dry each
time before finally heating in a dry oven at 100°C for 10 minutes to
develop the marks. Excitation and emission spectra for DFO were also
presented, with the UK laboratories initially using an argon ion laser to
promote fluorescence. However, it was also found that a high intensity
light source (i.e. the high intensity filtered light sources then becoming
available) could also be used to produce fluorescence [9,10].
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1.4 Fundamental research into DFO continued, with studies carried out into
the reaction products formed between DFO and amino acids [11].
Assessments of the relative sensitivity of DFO and different ninhydrin
analogues were also carried out [12], looking at their relative detection
limits for serine. This study indicated that DFO was similarly sensitive to
ninhydrin in colorimetric mode and as sensitive as 5-methoxyninhydrin
toned with zinc chloride (the best of the ninhydrin analogues) in
fluorescence mode.

1.5 The issue of the first DFO formulation and the subsequent commercial
availability of the reagent prompted further investigations worldwide, with
assessments being carried out of alternative solvents to CFC113
including petroleum ether [13] and a petroleum ether/xylene mixture [14].
Sequential treatments were also reassessed, with Masters et al. [14]
studying a range of different paper types and finding that the DFO-
ninhydrin sequence was far superior to ninhydrin-DFO. Corson [13] also
investigated sequential treatment and indicated that occasionally DFO
could develop additional marks after ninhydrin, but did not state which
sequence was best. Masters et al.[14] also studied a range of different
light sources and filter combinations for excitation and viewing of the
fluorescent fingerprints. A red camera/viewing filter was recommended to
reduce the background fluorescence that was sometimes observed on
coloured papers and from some writing inks.

1.6 The Home Office Scientific Research and Development Branch (HO
SRDB) studies into DFO also began in 1990, initially looking at the
components of the formulation and the dipping and heating stages. In a
split depletion comparison carried out over seven different paper types
using five donors, it was found that there was no benefit in dipping the
article twice. The purpose of double-dipping was stated to be to increase
the uptake of DFO by the fingerprint, but the HO SRDB study showed no
difference in either the visible appearance or the intensity of fluorescence
between single-dipped and double-dipped articles. Single-dipped
articles, in particular cheques, showed less evidence of background
staining and therefore single dipping was recommended. Heating
experiments were also conducted, monitoring the change in fluorescence
with increasing exposure time in an oven using a luminance meter. At
100°C, optimum fluorescence was reached after 20-30 minutes,
whereas at 50°C development took several hours [15]. Temperatures in
excess of 100°C were not considered because of potential charring to
the paper, although development rates were increased; Australian
researchers suggested that development occurred in approximately 20-
30 seconds at 160°C [16]. A dry oven was found to be more effective
than a heat gun in delivering the optimum heating conditions. It was
considered important that the oven used in processing had a laminar air
flow across each shelf as opposed to being a convection oven, because
paper articles were loaded on cardboard in the same way as used for the
processing of ninhydrin treated articles. Further studies also investigated
alternative solvent systems and reductions in the amount of DFO in the
formulation. It was found that the quantity of DFO could be reduced from
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1.7

1.8

0.5g to 0.25g without any detriment to the intensity of fluorescence
produced. This also overcame issues with instability of the working
solution, where DFO precipitated rapidly, sometimes before processing
had commenced. Operational trials were conducted between the original
and revised formulation and processing conditions, with the revised
formulation giving marginally better performance. A summary of these
studies was published in 1993 [15].

Other extensive studies of DFO, its reactions and optimum viewing
conditions were conducted by Cantu et al. [17] and Stoilovic [16]. Cantu
et al. compared the effectiveness of DFO with a range of ninhydrin
analogues on the amino acid glycine and concluded that DFO was the
only compound acting as a fluorescer without secondary treatment, with
the intensity of fluorescence exceeding that of any of the zinc or
cadmium complexes formed with ninhydrin. Cantu et al. also
demonstrated that the presence of acetic acid in the formulation was
essential for fluorescence to occur. Formic acid will also produce a good
reaction, but when used in combination with methanol the two
constituents react rapidly to produce the unwanted methyl formate.
Stoilovic also investigated changes to the formulation, adding chloroform
and reducing the methanol and acetic acid components in order to
reduce inks running when treating documents. He also conducted a
sensitivity study and concluded that DFO was equivalent in sensitivity to
ninhydrin toned with zinc chloride. Samples were treated by heating with
an ironing press at 160°C, which was thought to give superior results to
oven heating (although the oven used in this case was a convection,
rather than a laminar flow oven). The optimum excitation and viewing
conditions were also investigated using a filtered high intensity light
source (Polilight).

The introduction of the Montreal Protocol on Substances that Deplete the
Ozone Layer in 1987 and the subsequent prohibition on the use of
ozone-depleting solvents, including CFC113, meant that from the mid-
1990s efforts were directed towards an ‘ozone-friendly’ DFO formulation.
In 1995 Lennard [18] proposed petroleum ether, which was in wide scale
use in the US as a solvent for ninhydrin, as a replacement for CFC113,
but it was also desirable to identify a solvent replacement without the
associated issues of high flammability. During the period 1994-1997,
PSDB evaluated a range of candidate replacement solvents including
hydrochlorofluorocarbons (HCFCs), hydrofluorocarbons (HFCs) and
hydrofluoroethers (HFEs). Of these HFC4310 and 1-
methoxynonafluorobutane (HFE7100) [19] both showed promise, but
required other additives to produce the same level of reaction as
CFC113. HFE7100 had also been supplied to French researchers for
evaluation, and they too developed a DFO formulation based on this
solvent [20]. HOSDB carried out an operational trial of the most
promising new DFO formulations, comparing them with the existing
CFC113 formulation and an optimised 1,2 indandione formulation based
on HFE7100. In this trial, conducted on 650 articles in an operational
police laboratory, the HFE7100-based DFO formulation gave the best
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results [21] and was therefore recommended for operational use in the
UK. A fuller description of the alternative formulations investigated by
PSDB was later published by the researchers [22].

1.9 Further fundamental research was carried out on the DFO system.
Wilkinson studied the reaction mechanism between DFO and amino
acids [23] and the synthesis of DFO analogues [24]. Conn et al. [25]
investigated whether metal salt treatment of DFO would give any further
benefits in fluorescence but concluded that, in contrast to ninhydrin,
there was little effect on the fluorescent product.

1.10 The impact of DFO on other types of forensic evidence was also studied.
The emergence of DNA and its importance as an identification tool
prompted studies into the effect of DFO treatment of blood on the
subsequent recovery of DNA profiles [26]. The authors concluded that
DFO had no detrimental effect on DNA. PSDB and the FSS also showed
that DFO treatment had little impact on the recovery of DNA from latent
fingerprint residues [27]. Strzelczyk [28] considered the effects of DFO
treatment on subsequent document examination, comparing the PSDB
HFE7100 formulation with the CFC113 formulation. The HFE7100
formulation was found to be less detrimental to handwriting evidence.

1.11 A survey of fingerprint development processes for porous surfaces
conducted in 2004 [29] showed that DFO had become the second most
widely used reagent for this surface worldwide, with 86% of those
responding to the survey saying that they used it in their laboratory.

1.12 More recently, the development of formulations of 1,2 indandione
incorporating zinc salts have resulted in claims that 1,2 indandione-zinc
is actually more effective than DFO. As a consequence several groups of
researchers have carried out further comparative work [30-32]. To date
the results of these have given conflicting results with most favouring 1,2
indandione-zinc but some favouring DFO. It is clear that further research
is required to establish whether DFO should remain the primary chemical
treatment in sequential processing regimes for porous surfaces. This
further work should take into consideration the overall effectiveness of
sequential treatment routines, as well as the effectiveness of individual
techniques.

2. Theory

2.1 The reaction mechanism for DFO has been studied by both Grigg et al.
[11] and Wilkinson [23, 24]. Grigg et al. isolated the red reaction product
between DFO and various a-amino acids and found it to be closely
related to the protonated Ruhemann’s purple structure developed with
ninhydrin.
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Reaction products formed between 1,8-diazafluoren-9-one (DFO) and
0.1M solutions of amino acids and other fingerprint constituents a) visible
and b) fluorescence.

2.2 The analytical studies carried out by Wilkinson used a range of
techniques including nuclear magnetic resonance spectroscopy (NMR)
and gas chromatography — mass spectrometry (GC-MS) to isolate and
identify reaction products. A reaction mechanism was proposed, which is
illustrated below.
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Proposed reaction path of 1,8-diazafluoren-9-one (DFQO) with amino
acids [24]
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2.3 Wilkinson [24] proposed that the DFO reaction follows a very similar path
to that of ninhydrin with amino acids. DFO reacts with the methanol in
the solvent mixture to form a hemiketal, which has a higher reactivity with
amino acids than the DFO molecule. The nitrogen atom of the amino
acid is able to attack the hemiketal at the electron deficient carbon in the
polarised carbonyl, with the loss of water. This forms an aromatic imine,
which retains the alkyl fragment of the amino acid and undergoes
decarboxylation to form a further intermediate product. Hydrolysis then
occurs at the nitrogen-carbon double bond, which forms an aromatic
amine and acetaldehyde. The aromatic amine finally reacts with another
DFO molecule to form the red, fluorescent reaction product identified in
this and previous studies [11, 24]. X-ray crystallography carried out on
the reaction product between DFO and L-alanine [23] indicated that the
structure of the reaction product consisted of two DFO molecules linked
by a bridging nitrogen atom, and was therefore in close agreement with
Grigg et al.’s original predictions [11]. In the crystalline product analysed,
molecules of the reaction product were shown to be linked by hydrogen-
bonded bridges with water molecules.

2.4 The reaction between DFO and amino acids is not thought to proceed to
completion, which accounts for the observation that ninhydrin will
develop additional marks when used after DFO. Alternatively (or
additionally), there may not be sufficient DFO to completely react in a 2:1
ratio with all amino acids present.

3. CAST processes

3.1 The process currently (as of 2011) recommended by CAST is to add
30mL of methanol and 20mL of acetic acid to 0.25g of DFO, stirring to
produce a yellow solution. To this is then added 275mL of HFE71DE
followed by 725mL of HFE7100, stirring together to produce a working
solution.

3.2 Working solution is poured into a shallow tray, and articles to be treated
drawn slowly through the solution with forceps, then removed and
allowed to dry on a sheet of tissue. Alternatively, DFO solution may be
applied with a soft brush.

3.3 Once dry, articles are heated in a non-humidified oven at 100°C for 20
minutes, followed by examination in white light (where developed marks
may be detected due to their pale pink colour) and subsequent
fluorescence examination.

3.4 The role of DFO in the formulation is to react with amino acids present in
fingerprint residues to give a fluorescent reaction product. The CAST
formulation makes the assertion that the primary purpose of DFO is to
produce a fluorescent product, and therefore the presence of any
coloured reaction product is of secondary importance. The formulation
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3.5

3.6

3.7

3.8

3.9

uses 0.25g of DFO per litre, found to give the maximum intensity of
fluorescence. Any increase in DFO content will make the coloured
product more intense (although still far less visible than the purple of
ninhydrin) but does not enhance fluorescence. Quantities of > 0.2g DFO
are essential for the reaction to occur, and quantities of > 0.75g cannot
be dissolved.

Methanol is an essential component of the DFO formulation, its presence
allowing DFO to form hemiketals, which in turn have greater reactivity
with amino acids. Longer chain alcohols are not as effective, using
ethanol, propan-1-ol or propan-2-ol reduces the yield and fluorescence of
developed fingerprints and t-butanol inhibits the reaction completely.
Studies have shown that 30% of DFO reacts with methanol, whereas
only 10% reacts with ethanol. The formulation uses the minimum amount
of methanol possible due to its toxic nature.

Acetic acid is added to acidify the solution. If acidification is not carried
out, virtually no fingerprints are developed. Propanoic acid can be used
in place of acetic acid but has no benefit, whereas formic acid rapidly
esterifies with the methanol component of the formulation, producing
water as an unwanted by-product. The presence of water causes phase
separation of the solution, reducing the amount of DFO in the non-polar
phase available for fingerprint development, although a small amount of
water is essential for the reaction to take place. Dried solutions are
brown in colour and do not produce fluorescent marks if used to treat
fingerprints.

HFE7100 is used as the principal carrier solvent for DFO. However,
during reformulation work it was found that it could not be used as a
straight replacement for CFC113 because CFC113 appeared to catalyse
the reaction between DFO and amino acids in some way, whereas
HFE7100 did not. If HFE7100 was used on its own, the developed
fingerprints appeared noticeably less fluorescent and fewer in number.
The addition of trans-1,2-dichloroethylene as a co-solvent (i.e. in the
HFE71DE component of the formulation) is essential for the
development of greater quantities of brighter fluorescent fingerprints.

CAST recommends only a single dip in the DFO working solution. Early
studies indicated that double dipping had no benefit in terms of number
or intensity of marks developed, and may lead to increased background
staining.

The heating temperature of 100°C is selected to give a combination of a
reasonably short development time combined with a low risk of damage
to exhibits, such as paper charring and melting of plastic windows in
envelopes. It is also compatible with the upper temperature limit of the
ninhydrin oven, enabling a single piece of equipment to be used for both
processes. Early studies using a luminance meter showed that optimum
fluorescence was obtained after 20 minutes for a significant majority of
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exhibits and this was therefore recommended in place of the original 10-
minute period.

3.10 CAST recommends the viewing of marks developed using DFO using
excitation in the green region of the spectrum (the 473-548 excitation
band of the Quaser series of light sources) and viewing fluorescence
through an orange, Schott glass OG570 (549nm long-pass) filter. This
gives the optimum match with the excitation and emission spectra for
DFO, with the illumination waveband overlapping the DFO excitation and
the viewing filter transmitting close to the optimum emission wavelength.

Emission spectrum
oY
, ~,

Excitation spectrum

400 450 500 550 600
nanometres (nm)

Emission and excitation for 1,8-diazafluoren-9-one, overlaid with the
Quaser excitation waveband used and the corresponding transmission of
the viewing/camera filters recommended.

3.11 In some circumstances, such as coloured papers, background
fluorescence from the paper or ink may make the developed marks more
difficult to visualise and in these situations the narrower green excitation
waveband of the Quaser (491-548) should be used instead, in
combination with a 593 (Schott RG610) filter to cut background
fluorescence. More recently, green neodymium:yttrium aluminium garnet
(Nd:YAG) lasers with output at 532nm have become more widely
available. This output is further towards the optimum excitation
wavelengths for DFO, and being single wavelength will cause far less
background fluorescence. Therefore, 532nm lasers in combination with
549 (Schott OG570) long-pass filters are recommended for optimum
viewing of fluorescent marks developed using DFO.
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Fingerprints developed using 1,8-diazafluoren-9-one, illuminated with
green (632nm) light and viewed using a 549 long-pass (Schott glass
OGb570) filter.

3.12 The broad excitation and emission spectra of DFO means that for
surfaces where background fluorescence is appreciable when
iluminated with light in the green region of the spectrum, better results
may be obtained using yellow illumination sources (such as the new
577nm laser) in conjunction with 593 long-pass filters. DFO will still
fluoresce under these conditions whereas the background fluorescence
may be considerably reduced. This is particularly relevant for many types
of brown and coloured paper.

4. Critical issues

4.1 The presence of methanol and trans-1,2-dichloroethylene in the
formulation is essential for the optimum operational effectiveness.
Formulations that substitute or omit these constituents will develop less
highly fluorescent marks and fewer marks overall.

4.2 Heating of DFO-treated exhibits should be carried out in a dry oven with
even heating via laminar airflow across each shelf; high levels of
humidity equivalent to those used for ninhydrin are not beneficial for the
reaction.

4.3 Appropriate excitation wavelengths and viewing filters must be selected
when visualising developed marks. These are detailed in paragraphs
3.10-3.12 above. Light sources with higher output powers (e.g. lasers)
will detect more marks.

4.4 If any separation of the working solution into oily droplets is observed,
the solution should be discarded and not used for processing.
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5. Application

5.1 Suitable surfaces: DFO is suitable for use on all porous surfaces,
including paper, cardboard, raw wood and matt painted walls.

5.2 The principal application of DFO is in the development of fingerprints on
porous items, in particular paper. It has been found to be the single most
effective treatment for this surface and can be used as the first process
in a sequential processing routine consisting of DFO — ninhydrin —
physical developer. The use of DFO does not destroy marks that could
have been developed by ninhydrin or physical developer and both
processes can reveal further marks that have not been developed by
DFO.

5.3 DFO is not as widely used as ninhydrin because it requires access to a
forensic light source and appropriate viewing filters to see many of the
marks developed. Consequently, ninhydrin is the method of choice for
many laboratories processing volume crime exhibits because the marks
are visible under normal lighting conditions and can be easily captured.
However, ninhydrin is a less effective process (DFO typically develops
1.6 times more marks) and potential marks will be missed if it is used as
a sole treatment.

5.4 DFO is also an effective blood dye, reacting strongly with the protein
constituents in the blood to produce highly fluorescent marks. Heavy
deposits of blood will reabsorb the fluorescence making this process less
effective in these areas. It can therefore be used to enhance marks in
blood on porous surfaces, but is not specific to the ‘haem’ component of
blood and cannot be used to determine whether a mark is blood or not.
The application of DFO has been shown not to affect subsequent
recovery of DNA from marks deposited in blood [26].

5.5 DFO is applied in the laboratory by solution dipping, passing the exhibit
through a shallow tray containing the DFO working solution, allowing it to
dry then heating it in an oven at 100°C for 20 minutes. Neither the exhibit
nor the oven are humidified in any way. For larger items, such as boxes,
DFO can be applied as a solution using a soft brush, again allowing the
exhibit to dry before placing it in an oven.

5.6 DFO cannot be effectively used at scenes of crime. Although the solution
can be applied using a brush, the conditions of temperature required to
develop fingerprints in a reasonable time are not compatible with working
at scenes. It is possible to apply heat locally using equipment such as a
heat gun, but this is less effective than oven treatment and will still
require long periods of heat application to develop marks, depending on
the particular system used. Some heat guns are capable of heating to
several hundred degrees centigrade and must therefore be used with
caution.
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6. Alternative formulations and processes

6.1

6.2

6.3

6.4

6.5

6.6

Since 1990 and the introduction of DFO, several different formulations
have been investigated. Many of these were prompted by the search for
alternative solvents after the banning of CFCs. A summary of some
significant alternative formulations proposed is given below.

Bratton and Juhala [33] proposed a variation of the DFO formulation and
process called ‘DFO-Dry’, which involved impregnating sheets of filter
paper with a solution of DFO, allowing them to dry, then sandwiching
paper exhibits between the impregnated sheets and applying heat from a
steam iron filled with 5% acetic acid solution. Samples were then placed
in a dry press at 110°C for 10 minutes to complete development. The
formulation used to impregnate the filter papers sheets was:

200mL methanol, 200mL ethyl acetate, 40mL acetic acid, 1g DFO.

Marks developed in this way were equal in intensity to those developed
using a solution dipping process using the same formulation diluted with
petroleum ether. The principal advantages of the dry process were that
there was no ink run, no background staining and no background
fluorescence.

Petroleum ether was also proposed as a replacement solvent for
CFC113 [14,18] but CAST would not recommend the use of this, or any
other, highly flammable solvent in a laboratory because of the fire and
explosion risks. It was found during testing by CAST that the formulation
proposed by Masters et al.[14], containing propan-2-ol, xylene and
acetone in addition to petroleum ether, developed brightly fluorescent
fingerprints but caused significant damage to writing inks and was
unstable when stored.

CAST carried out extensive studies into the identification of replacement
solvents for CFC113, using a range of different solvent types including
hydrocarbons, HCFCs and HFCs [22]. During these studies, initial
evaluations were carried out using split depletions. Any formulations
showing promise were taken forward to more detailed trials involving the
treatment of a batch of 75 fraudulently passed cheques, using each
formulation and counting all developed fingerprints with more than eight
minutiae visible.

The best performing hydrocarbon and HCFC formulations are given
below, together with their performance relative to the CFC113
formulation of batches of 75 cheques.

CFC113 Hydrocarbon HCFC
DFO 0.25¢g 0.25¢g 0.25¢g
Methanol 30mL 25mL
Acetic acid 20mL 20mL 20mL
Ethanol 100mL
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Ethyl acetate 50mL
Methyl acetate 5mL
Heptane 850mL
CFC113 1 litre
HCFC141b 1 litre
a
< 250
2 200
o
= 150 A
Ks) 100 -
g 50 |
S 0 -
=
Z CFC113 Heptane HCFC
m 0 Days 193 67 81
m 14 Days 209 102 105

6.7

6.8

6.9

6.10

Formulations based on hydrocarbons (heptane) and
hydrochlorofluorocarbons (HCFCs) and their performance relative to the
1,1, 2-trifluorotrichloroethane (CFC113) formulation.

Despite promising results from laboratory split depletion tests, neither of
these formulations performed well when compared with the CFC113
formulation in a realistic trial.

Another non-CFC formulation evaluated was provided by the
Bundeskriminalamt (BKA), Weisbaden, Germany, and consisted of:

0.5g DFO, 40mL methanol, 20mL acetic acid, 1 litre -butyl methyl
ether.

This gave more fluorescent prints than the heptane formulation, but
caused significant ink running. The solvent posed an explosion risk, and
did not perform as well as the CFC formulation in comparative trials on
batches of cheques.

The final class of solvents evaluated were HFCs, the most suitable of
those evaluated being HFE7100 and HFC4310mee. The formulations
were trialled against CFC113 and the results are shown below.

CFC113 HFC4310mee HFE7100
DFO 0.25¢g 0.25¢g 0.25¢g
Methanol 30mL 30mL 30mL
Acetic acid 20mL 20mL 20mL
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trans—1,2 100mL 150mL
dichloro-
ethylene
HFC4310mee 1 litre
HFE7100 850mL
CFC113 1 litre

s

< 100

s

[

o

=

[

‘o

)

e

€

2 CFC113 HFC4310 HFE7100

m Day 0 47 57 51
m Day 14 60 75 78

Formulations based on hydrofluorocarbons and hydrofluoroethers and
their performance relative to the CFC113 formulation.

6.11 Both formulations appeared to give superior performance to the CFC113
system and were taken to a full operational trial alongside it [21]. From
this trial, the HFE7100-based formulation (with minor modifications) was
ultimately recommended for operational use and is described in more
detail in the CAST processes section above.

6.12 There are several DFO formulations in operational use worldwide. A
survey of these has recently been conducted by Wallace-Kunkel et al.
[29], the most commonly used being summarised in the table below.

% DFO Methanol Ethyl Acetic | Dichloromethane | Petroleum | HFE7100 | HFE71DE

usage (9) (mL) acetate acid (mL) ether (mL) (mL) (mL)
(mL) (mL)

18 0.25 40 20 940

14 0.5 40 20 940

11 0.5 100 100 20 780

7 0.25 30 20 725 275

4 0.2 50 20 50 880

* currently (2011) recommended HOSDB formulation.

Compositions representative of 1,8-diazafluoren-9-one formulations used
worldwide.

6.13 The two most commonly used formulations use HFE7100, but do not
incorporate trans—1,2 dichloroethylene. CAST has found that
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formulations without this component are less effective and would
therefore recommend its inclusion.

6.14 Formulations based on petroleum ether are not recommended by CAST
because of the fire and explosion hazards associated with the solvent,
and CAST would seek to minimise use of dichloromethane where
possible due to health and safety concerns.

6.15 A modified formulation has been proposed by CAST for the treatment of
thermal receipts [27]. When thermal receipts are treated with DFO they
blacken due to reaction between acetic acid and the thermal ink layer,
blackening also occurring due to the heat ion the oven used to develop
marks. To counteract this, CAST carried out trials and devised a
formulation with the amount of methanol increased to 60mL. This
dissolves away the thermal ink layer and significantly reduces
subsequent blackening. The thermal paper is retained in the dip bath
until all black deposit is removed from the surface of the paper, then
placed into the oven. In practice, this did reduce the problems associated
with blackening of thermal receipts but as ink compositions changed it
did not prove possible to remove easily all of the ink layer in this way.
Pre-dipping the receipt in ethanol until all text disappears and then
allowing it to dry prior to dipping in a solution of the standard formulation
has proved more effective [34].

7. Post-treatments

7.1 There are no post-treatments used with DFO other than the examination
of the developed mark using fluorescence, which is described above.
Toning using metal salts is ineffective and does not increase the
fluorescence of the mark.

8. Validation and operational experience

8.1 Laboratory trials

8.1.1 Although laboratory trials were conducted during the initial development
of DFO formulations in the early 1990s, most of these results no longer
survive. It has been found from experience that planted prints rarely give
operationally representative results in such trials, typically performing
worse than seen on casework. This is possibly because perpetrators of
crimes may be under increased stress and sweat more, giving more
eccrine prints than seen in the laboratory. As a consequence,
development of revised formulations at HOSDB is usually carried out
using small-scale comparative tests until best performing formulations
are identified, after which testing proceeds to pseudo-operational trials
using realistic items such as bundles of cheques.

- 96 - v1.0



Fingerprint Source Book — Chapter 3: Finger mark development techniques within scope of ISO 17025

8.1.2 One exception to this is the recent comparison between DFO and 1,2
indandione/zinc, carried out using split depletions on a range of different
substrate types. This study showed closely equivalent performance
between DFO and the 1,2 indandione/zinc formulation studied, and is
more fully reported in Chapter 5.7, 1,2 Indandione.

8.2 Pseudo-operational trials and operational experience

8.2.1 Several pseudo-operational trials were conducted on alternative DFO
formulations during research into a replacement solvent for CFC113. The
results of these have been summarised in the section on ‘Alternative
formulations’ above. The outcome of these studies was that the
formulation based on HFE7100 solvent was selected for comparative
trials with the CFC113-based DFO formulation.

8.2.2 There have also been several pseudo-operational and operational trials
conducted to establish the relative effectiveness of the DFO and
ninhydrin techniques and also to establish the best sequence of
treatment. Before publication of the initial reports on DFO, operational
trials were conducted at Surrey Police and the Metropolitan Police
Serious Crimes Unit.

8.2.3 The trial at Surrey [2] involved treatment of the exhibits using DFO
followed by laser examination, then ninhydrin treatment. An assessment
was made of the number and quality of the marks developed using each
process. The results of this trial were:

DFO > Ninhydrin 139 articles (69.8%);
Ninhydrin > DFO 13 articles (6.5%);
DFO = Ninhydrin 47 articles (23.6%).

8.2.4The Metropolitan Police trial [3] involved a direct comparison of the
effectiveness of DFO and ninhydrin when used as a single process on
casework, and also looked at the impact of zinc chloride treatment on
marks developed using ninhydrin. The results are summarised below:

DFO - 510 prints from 168 articles;
Ninhydrin — 1,135 prints from 1,356 articles;
Ninhydrin + zinc chloride — 1,249 prints from 1,356 articles.

8.2.5 Both these trials indicated significant benefits in the use of DFO, with
more marks being developed than found using ninhydrin. DFO was
found superior to ninhydrin even after zinc chloride toning had been used
to make marks fluorescent.

8.2.6 HO SRDB also conducted pseudo-operational trials in 1990 [35], looking
at the numbers of marks developed on batches of brown and white
envelopes using DFO, ninhydrin and the DFO-ninhydrin sequence.
Articles were examined visually and then using fluorescence examination
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to enhance the DFO marks. The results of this exercise are tabulated

below.
Visible examination
Ninhydrin DFO

Brown White Brown White
Articles 93 93 93 93
Fingerprints 18 24 6 16
Articles with 11 14 6 11
fingerprints
% Articles 12 15 6 12
with
fingerprints

Fluorescence
Ninhydrin DFO

Brown White Brown White
Articles 93 93 93 93
Fingerprints 19 24 60 9
Articles with 12 14 33 50
fingerprints
% Articles 13 15 35 54
with
fingerprints

Ninhydrin after DFO
New fingerprints Overall

Brown White Brown White
Articles 93 93 93 93
Fingerprints 9 10 15 26
Articles with 7 8 12 16
fingerprints
% Atrticles 8 9 13 17
with
fingerprints

Results obtained from pseudo-operational trial on batches of envelopes.

8.2.7 Hardwick et al. [15] also carried out trials at PSDB in the early 1990s,
comparing the original formulation issued by Pounds et. al. [7] with
revisions to the process suggested by PSDB, including reductions in the
amount of DFO, single dipping and increasing the heat treatment time to
20 minutes. The study looked at 200 cheques, 100 from each of two
banks, divided into two sets with 50 cheques from each bank. In this trial,
both formulations developed just over 200 prints with >8 points ridge
detail and so the reduction in DFO (and therefore in the cost of the
formulation) was not felt to be detrimental to performance and was
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recommended operationally. Subsequent treatment of these exhibits with
ninhydrin developed an additional 10% of marks.

8.2.8 A direct comparison of the effectiveness of ninhydrin and the revised
DFO formulation was also carried out. This study looked at 300 cheques,
100 from each of three banks, divided into batches containing 50
cheques from each bank. In this study DFO gave 60% more fingerprints
than ninhydrin, in accordance with all previous studies.

8.2.9 All the studies above utilised DFO and ninhydrin formulations based on
CFC113. As this solvent was being withdrawn from operational use,
operational trials were conducted to compare the effectiveness of the
replacement solvent formulations with CFC113, also to compare the
effectiveness of DFO with 1,2 indandione, a new reagent being proposed
as an alternative one-step fluorescent treatment for porous surfaces (see
Chapter 5.7, 1,2 Indandione for further details).

8.2.10 Merrick et al. [21] carried out an operational trial at West Midlands
Police in conjunction with PSDB. This was carried out over 7 weeks,
examining over 650 articles at an average of 2.26 articles per case and
counting fingerprints containing >8 points. The trial compared the
CFC113 DFO formulation, the DFO formulations based on HFC4310mee
and HFE7100 described in the section above, and a 1,2 indandione
formulation based on HFE7100. The results are summarised in the
tables below.
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Formulation Week

1 2 3 4 5 6 7

DFO (CFC) Prints 86 91 109 132 156 201 214
Cases | 67

DFO (HFC) Prints 46 59 76 99 104 158 171
Cases | 66

DFO (HFE) Prints 93 97 130 144 174 213 218
Cases| 70

IND (HFE) Prints 70 89 92 105 116 149 164
Cases | 68

Cumulative number of identifiable fingerprints developed with 1,8-

diazafluoren-9-one and 1,2 indandione formulations, and total number of

cases processed.
Formulation | Week
1 2 3 4 5 6 7
DFO (CFC) 696 | 613 | 615 | 59.2 | 579 | 61.5 | 59.7
DFO (HFC) 56.0 | 60.6 | 61.0 | 58.8 | 55.2 | 59.1 59.7
DFO (HFE) 783 | 71.0 | 69.2 | 653 | 63.2 | 66.2 | 62.5
IND (HFE) 524 | 516 | 465 | 49.0 | 491 | 554 | 54.2

Cumulative proportion of cases producing identifiable fingerprints.

8.2.11 The results showed that the HFE7100-based formulation gave
equivalent, if not better, performance to the CFC113 formulation and this

was therefore recommended for operational use by PSDB.

8.2.12 A similar trial was carried out by the Royal Canadian Mounted Police
(RCMP) [36], assessing the HOSDB DFO formulation based on

HFE7100, an alternative DFO formulation based on HFE7100 but
without trans-1,2-dichloroethylene, and a 1,2 indandione formulation

based on HFE7100.

8.2.13 Preliminary trials were conducted on 80 cheques, which indicated that
the HOSDB formulation gave the best results. The study then proceeded
to an operational field trial, the interim results of which are summarised

below:

DFO (alternative HFE7100 formulation): 303 exhibits, 66 identifiable

marks;
DFO (HOSDB HFE7100 formulation): 440 exhibits, 126 identifiable
marks;

1,2 indandione (HFE7100-based):165 exhibits, 7 identifiable marks.

8.2.14 The PSDB DFO formulation was therefore adopted by RCMP for

operational work.
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8.2.15 More recently there have been several papers reporting reformulations
of 1,2 indandione to incorporate zinc salts as an integral constituent of
the dip solution rather than as a post-treatment. Research has been
conducted to compare the effectiveness of these revised formulations
with DFO [30-32]. To some extent the results of these have been
conflicting, with some researchers [30, 32] finding 1,2 indandione
performing better, and others [31] finding DFO to give marginally better
performance. Further refinements have since been made to the 1,2
indandione-zinc formulations and indications are that this reagent may
now give improved performance over DFO under UK conditions.
However, further validation work will be required to demonstrate this, and
the overall impact of replacing DFO with 1,2 indandione on the total
number of marks recovered during sequential processing will need to be
assessed.

8.2.16 Another recent pseudo-operational trial that has been conducted by
HOSDB has been the comparison of DFO, ninhydrin and 4-
dimethylaminocinnamaldehyde (DMAC) for the development of marks on
thermal receipts [37]. In this study DFO was found to significantly
outperform the other two processes, yielding almost twice the number of
marks. This study is more fully reported in Chapter 5.2, 4-
Dimethylaminocinnamaldehyde (DMAC).
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3.4 Ninhydrin

1. History

1.1 Ninhydrin was first synthesised by Ruhemann in 1910, and soon after
this the development of a purple (‘dark blue’) reaction product was
observed between the new compound and amino acids and proteins [1].
This reaction was further investigated by Adberhalden and Schmidt [2];
they tested a large number of compounds, both singly and in
combination, in terms of the reaction products formed with ninhydrin. The
purple reaction product was observed to form with proteins and
polypeptides. Adberhalden and Schmidt also investigated the reactions
with amino acids and different types of body fluid, noting that purple
reaction products could be formed with sweat [3], and this could
contaminate analyses unless it was ensured that reaction vessels,
stirrers, etc. were clean.

1.2 The sensitivity of ninhydrin for proteins and amino acids resulted in its
use for detection of amino acids by chromatography techniques and for
quantitative measurements of amino acid contents. The first published
suggestion that ninhydrin could be used for fingerprint detection was
made by Oden and von Hofsten in 1954 [4] based on observations of
fingerprints accidentally developed on paper items. They proposed a
solution of ninhydrin dissolved in acetone and tested it on fingerprints
deposited on a range of different types of paper. Oden later patented a
refined formulation [5] that also included acetic acid and this soon
became adopted worldwide as an alternative to the iodine and silver
nitrate techniques then in use for detection of fingerprints on paper.

1.3 In 1969 Crown [6] proposed an alternative ninhydrin formulation based
on petroleum ether solvent in place of acetone, with minor additions of
methanol. Diethyl ether was also investigated as a solvent, but this was
regarded as too volatile for spraying on documents because of the
flammable atmospheres created. The reason for using these non-polar
solvents was to minimise ink run on the documents being treated with
ninhydrin, thus preserving evidence for subsequent document
examination. Crown observed that the reaction could be accelerated by
heating, but did not recommend temperatures in excess of 100°C
because this caused unwanted background reactions that could obscure
prints. Crown also reported improved results when placing bowls of
water in treatment ovens to produce more humid atmospheres.

1.4 Lesk [7] reported the use of both acetone and petroleum ether-based
formulations in combination, with petroleum ether being used in most
cases to minimise ink running. However, it was also observed that
occasionally additional marks could be developed by retreatment of the
article in the acetone-based formulation.

1.5 In the early 1970s the Police Scientific Development Branch (PSDB)
contracted researchers at the Atomic Weapons Research Establishment
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(AWRE) at Aldermaston to investigate improvements to chemical
reagents then in use for fingerprint development. Ninhydrin was
investigated as part of this contract. An initial observation was that the
formulation developed by Crown [6] could be improved in sensitivity by
the addition of acetic acid. In 1971/2 a police officer from the Kent
constabulary contacted PSDB and asked whether one of the
chlorofluorocarbon (CFC) solvents such as 1,1,2-trifluorotrichloroethane
(CFC113) could be used as a safe solvent for ninhydrin. His idea was
passed on to the AWRE team and as a result the so-called non-
flammable, or new formulation, ninhydrin (NFN) was developed by Morris
and Goode [8]. This solvent had the additional benefits that it minimised
ink running when used to treat documents [8].

1.6 At about the same time Linde [9] observed that processing exhibits
treated with ninhydrin in a high humidity oven at 60°C gave superior
results to dry treatment at 100°C. At first this was not universally
accepted. In comparisons of oven processing and treatment with a
steam iron, Morris and Gray [10] noted that oven treatment was superior
and specifically stated that the steam setting of the iron should not be
used during processing. Despite this advice, and although not approved
of by PSDB, a number of police forces, in particular Avon and Somerset,
regularly used steam irons to speed up the ninhydrin reaction. The
recommended procedure at the time was to put treated articles in a
brown envelope and wait for three weeks, and the use of a steam iron
gave results in a significantly shorter time. Jones and Pounds [11]
reinforced the earlier work of Linde, presenting the beneficial effects of
steaming exhibits for 10—15 seconds prior to heating in an oven at 80°C
for 3 minutes. Subsequent work by PSDB confirmed the importance of
humidity for the optimum development of marks and found the optimum
to be around 65% relative humidity [12]. PSDB worked with Gallenkamp
around 1980/81 to modify one of their production humidity cabinets to
provide rapid humidification for the ninhydrin process. Subsequently
these were installed in all UK police forces.

1.7 Ways of adapting the ninhydrin reaction product began to be considered.
The contrast between the developed mark and the background could be
improved by using coloured filters, and green filters to enhance the
purple mark were in common use by police photographers in the 1970s.
Contrast between the fingerprint and the background could be improved
by other means, and Morris found that post-treatment of the purple
reaction product with different metal salts resulted in the formation of
complexes with different colours, including blue, red, pink and orange
[13]. The best results were obtained with the salts of zinc, cadmium and
lead.

1.8 It was also found that marks developed using ninhydrin could be
enhanced by illuminating the exhibit using light of a wavelength where
the Ruhemann’s purple product absorbed and the background
fluoresced [14]. This was followed by the discovery that some of the
coloured reaction products produced by treating purple ninhydrin marks
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1.9

using metal salts were fluorescent [15] and could be revealed using an
argon ion laser [15] or an appropriately filtered xenon arc lamp [16]. It
was also shown that the intensity of this fluorescence could be increased
by cooling the exhibit to low temperatures using liquid nitrogen [16].
Subsequent researchers also investigated a wider range of metal
compounds for complexation [17, 18] and concluded that zinc and
cadmium gave products with the optimum fluorescence. It was also
suggested that moisture and elevated temperature during processing
were necessary to achieve the optimum fluorescence from the reaction
products [19,20]. Rare earth elements were also proposed for metal
complexation with ninhydrin, the long fluorescence decay time for toning
elements such as Europium offering potential for use with techniques
such as time-resolved imaging to reduce background fluorescence [21].

Researchers also began to synthesise analogues of ninhydrin, either to
change the colour of the principal reaction product with amino acids, e.g.
benzo(f)ninhydrin [11,22], or to give reaction products that gave greater
fluorescence intensity when treated with metal salts, e.g. 5-
methoxyninhydrin. Some of these analogues are covered in greater
detail in Chapter 5.8, Ninhydrin analogues, but at the present time (2011)
none have displaced ninhydrin in regular operational use.

1.10 The principal driver for further changes to the ninhydrin formulation arose

as a consequence of the Montreal Protocols in 1987 banning the use of
ozone depleting solvents, including CFCs. Researchers worldwide began
investigating alternatives to the non-flammable ninhydrin formulation. In
1992 Jungbluth [23] proposed the use of a mixture of
hydrochlorofluorocarbon (HCFC) and hydrochlorocarbon (HCC) solvents
as a substitute to CFC113 in both ninhydrin and 1,8-diazafluoren-9-one
(DFO) formulations. Lennard and Mazella [24] proposed reverting to a
formulation based on petroleum ether with additions of methanol, acetic
acid and ethyl acetate and reported that it gave superior performance to
the CFC113 formulation. Watling and Smith [25] suggested using
heptane as the primary solvent. However, both formulations presented
the issue of solvent flammability and ideally a non-flammable formulation
with equivalent (or better) performance to the CFC113-based system
was required.

PSDB alerted the UK police forces to the potential issues that would be
caused by phasing out CFCs, and began a comprehensive programme
to identify replacement solvent systems. PSDB also investigated a range
of alternative, solvent-less carrier systems including supercritical carbon
dioxide (CO,) [26]. The extensive CFC solvent replacement programme
was conducted over 3 years and evaluated approximately 300
formulations to an initial stage, with several formulations taken through
substantial operational trials. This programme considered the previously
published formulations based on heptane and HCFC solvents, refining
these formulations and comparing them with CFC113 [27]. A heptane-
based formulation giving good results for fingerprint development was
produced but was not considered safe to use because of the flammable

- 107 - v1.0



Fingerprint Source Book — Chapter 3: Finger mark development techniques within scope of ISO 17025

atmospheres generated around articles that were apparently dry, and the
large quantities of solvent that would need to be evaporated from
ninhydrin-treated articles. Adoption of the heptane-based formulation
would have required specially adapted cabinets and laboratories for safe
working, and this was considered impractical. HCFC-based formulations
caused excessive ink running and were not considered further.

1.12 The next classes of solvents investigated were hydrofluorocarbons
(HFCs) and hydrofluoroethers (HFEs) and it was found that excellent
results could be obtained from formulations based on two solvents, 2,3-
dihydrodecafluoropentane (HFC4310mee) and 1-
methoxynonafluorobutane (HFE7100) [28]. These out-performed the
CFC113-based formulation in laboratory trials and therefore the
evaluation proceeded to a full operational trial of all three formulations
[29]. The results of this two-month study indicated that the HFE7100-
based formulation gave the best results overall and this was
recommended for operational use in the UK. Petruncio [30]
independently reported results of a comparative study between
HFC4310mee-, HFE7100- and petroleum ether-based formulations and
found the HFC- and HFE-based systems gave better results in terms of
the number of marks developed and reductions in ink run damage
caused to treated documents.

1.13 As a consequence of this development work, the HFE7100-based
formulation is currently (2011) the only one recommended for operational
use by CAST, although work to investigate possible alternative solvents
is ongoing.

2. Theory

2.1 Many comprehensive studies of the reaction mechanisms, colour
formation and kinetics of reaction have been carried out and published
for the formation of Ruhemann’s purple by reactions of ninhydrin with
amino acids. These include the studies by McCaldin in 1960 [31];
Friedman and Sigel in 1966; Friedman and Williams (1974 [32,33];
Yuferov in 1971; [34] and most recently by Joullie et al.in 1991 [35].
Some of these papers propose detailed reaction mechanisms for
ninhydrin with individual amino acids under different conditions, and seek
to identify all intermediate forms that arise during the reaction. The
reaction mechanism outlined below is typical of the generally accepted
reaction pathway between ninhydrin and amino acids. For amino acids it
is the amine group that ninhydrin is reacting with to form Ruhemann’s
purple, whereas the anomalous reactions that occur with other
compounds do not proceed all the way to the formation of the purple
product.
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Generally accepted reaction pathway between ninhydrin and amino
acids to form Ruhemann’s purple.

2.2 The reaction products formed between ninhydrin and different amino
acids are not all purple and the colour of the developed fingerprint can
vary from nearly red to deep violet, depending on the composition of the
fingerprint. Some examples are shown below. Another contributing factor
to this difference in colour may be that the reaction above may not have
proceeded to completion. There is a coloured intermediate (an imine or
an aldimine) in the full ninhydrin reaction scheme that is also coloured,
and the reaction may stop at this point if the acidity (pH) is not high
enough. A pH of less than five is required for the reaction to proceed
past the intermediate product, although if the pH is less than two the
reaction proceeds to formation of the colourless hydrindantin product
instead of to Ruhemann’s purple. The colour of the intermediate imine
compound is dependent on the R groups attached to the active species.
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Reaction products formed between ninhydrin and 0.1M solutions of
amino acids and other fingerprint constituents.

2.3 Studies have also shown that the subsequent complexation reaction with
metal salts gives a complex of the generic structure below.
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Complex formed between metal salt and Ruhemann’s purple, in some
cases giving rise to colour changes and fluorescence.

In the case of zinc and cadmium, the complexes formed are fluorescent
in nature. The pictures below illustrate the visible appearance of marks
treated with zinc chloride toning solution and the same marks when
viewed using fluorescence examination. Studies by Australian

researchers [20] identified two different coloured zinc/Ruhemann’s purple

complexes, one appearing orange and the other magenta/pink. The

magenta/pink complex was found to be more fluorescent than the orange

one, the differences being attributed to the amount of water bound into
the complex. The importance of water in the formation of the more
fluorescent complex makes humidification an important stage in the
toning process.
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2.5

a)

P -

Ninhydrin marks toned with zinc chloride solution a) viewed under room
lighting and b) viewed using fluorescence examination.

It should also be noted that ninhydrin does not only react with amino
acids. A wide range of coloured reaction products can also be obtained
from different amine-containing substances. Dent [36] carried out an
extensive study in 1947 of 60 different compounds that reacted with
ninhydrin, recording both colour of the reaction product and their natural
occurrence. Although these substances react with ninhydrin the
reactions cannot proceed to the Ruhemann’s purple product because
they do not have the structure to react beyond the coloured intermediate
compounds. Cashman et al. [37] and Dutt and Poh [38] also report the
use of ninhydrin for the detection of phenethylamines and other basic
drugs, and some of these substances or their metabolites may occur in
fingerprint residues. As a consequence, the reaction mechanism given
above may not be the only one operating and ninhydrin may detect
additional fingerprints that do not contain amino acids.

3. CAST processes

3.1

3.2

The process currently (2011) recommended by HOSDB involves the
initial preparation of a concentrated solution, followed by the preparation
of a working solution when required. This is because the working solution
only has a limited stability in air before precipitation occurs.

The concentrated solution is produced by weighing 25g of ninhydrin and
stirring 225mL of absolute ethanol into it to form a slurry. To this should

-112 - v1.0



Fingerprint Source Book — Chapter 3: Finger mark development techniques within scope of ISO 17025

3.3

3.4

3.5

3.6

3.7

3.8

3.9

be added 10mL of ethyl acetate and 25mL of acetic acid to form a clear
yellow concentrated solution, which should be stored in a cupboard.

To produce the working solution, 52mL of concentrated solution should
be measured out and 1 litre of HFE7100 added to it. This solution is then
poured into a shallow tray and exhibits either pulled through it with
forceps or immersed for a maximum of five seconds. Treated articles are
then allowed to dry on a sheet of cardboard before being placed into a
humidity-controlled oven at 80°C and 65% relative humidity for a time
that will depend on the particular conditions during loading of the oven,
but that will typically be between five and seven minutes. Developed
fingerprints can be photographed immediately but further marks will
continue for up to 2 weeks (although additional marks have still been
observed to develop after 13 weeks in some cases) during which exhibits
should ideally be kept in the dark. The time marks take to develop is
dependent on the surface and may be related to the pH because more
acidic papers, such as cheques, generally develop more marks.

The role of the constituents in the CAST formulation can be identified as
follows.

Ninhydrin is the principal active component and reveals fingerprints by
means of the (primarily) purple product formed in its reactions with amino
acids and proteins. It has limited solubility in the main carrier solvent and
is present in as high a concentration as possible without making the
working solution rapidly unstable.

Ethanol is required to ensure solubility of ninhydrin in the carrier solvent.

Ethyl acetate is added as a co-solvent to inhibit the esterification reaction
by shifting its equilibrium towards formation of ethanol and acetic acid,
thus preventing water droplet production during processing, which may
diffuse fingerprint ridges.

Acetic acid and water are required to catalyse the reaction of ninhydrin
with amino acids, the water being supplied in a controlled manner in the
humidity oven. The acetic acid content is kept as low as possible to
minimise any ink diffusion on documents being treated, but there is also
a balance to be achieved in having sufficient acid present to ensure the
reaction proceeds to the formation of Ruhemann’s purple. This is of
particular relevance for alkaline paper types, such as magazine pages,
which have high filler contents and may remove the hydrogen ions
provided by the acetic acid [27].

HFE7100 is the main carrier solvent for ninhydrin and meets the criteria
of being non-toxic, non-flammable and causing minimal damage to
documentary evidence. It is, however, expensive and the use of specially
designed shallow dipping trays is recommended to minimise the volumes
of solution required.
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3.10 Heating accelerates the reaction and the development of fingerprints, but

temperatures in excess of 100°C may cause unwanted background
reactions and possibly damage to the paper.

3.11 PSDB carried out studies into the effect of humidity on processing in the
late 1980s/early 1990s [12] which indicated that settings producing 65%
relative humidity in the treatment areas of the oven gave the best results.
These results are summarised in section 8 below.

3.12 If toning is to be carried out after development of marks, CAST

recommends the use of a zinc chloride-based toning solution, produced
by mixing 50mL of ethanol, 10mL of propan-2-ol, 10mL of acetic acid and
then stirring in 6g of zinc chloride. To this is added 200mL of HFE7100
(used as a direct replacement for the CFC113 in the original formulation),
stirring to produce a clear solution. This solution is then sprayed lightly
over the marks and they are retreated in the humidity oven at 80°C and
65% relative humidity.

Zinc chloride solution being applied to an exhibit.

3.13 PSDB also carried out studies into the effectiveness of zinc toning [39]
and confirmed the observation that humidity was required to accelerate
the complexation reaction with the metal salt [20]. The approximate times

for the formation of the orange complex are given below.

Relative 42 47 56 57 60 78 83
humidity

Development | >1 hr | >1hr <5 <5 <5 <1 <1
time mins mins mins min min

Approximate development times for different treatment temperatures.
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3.14 Zinc chloride is preferred over cadmium salts for producing fluorescent
marks because of the toxicity issues associated with the use of
cadmium.

4. Critical issues

4.1 In common with many of the chemical development processes there are
several important issues to consider when using ninhydrin.

4.2 The reaction will proceed under conditions of room temperature and
humidity, but will be considerably accelerated and enhanced by the use
of elevated temperature (80°C) and humidity (65%). Treatment at
temperatures over 100°C may cause excessive background
development. Design of the humidity oven is critical. Since the exposure
time required is relatively brief, about 3 minutes, it is essential that the
humidification system provides a substantial quantity of water vapour
immediately after the door is closed otherwise the true exposure time will
be unknown. Many humidity cabinet designs are constructed for long
term environmental testing and do not have this required rapid umidity
and temperature recovery time.

4.3 Marks developed using ninhydrin may begin to fade and should be
imaged as soon as possible after development. Conversely, marks may
continue to develop on items treated using ninhydrin for several days
afterwards, and items should be re-examined after two weeks.

4.4 Cloudy solutions or solutions that have separated into oily droplets
should not be used to treat articles and must be discarded.

4.5 Ninhydrin cannot be used to treat articles known to have been wetted
because the amino acids targeted by the reagent will have been washed
away.

5. Application

5.1 Suitable surfaces: Ninhydrin is suitable for use on all porous surfaces
including paper, cardboard, raw wood and matt painted walls.

5.2 Ninhydrin is the most widely used process around the world for the
development of fingerprints on porous surfaces. This is not because it is
the most effective process — DFO and 1,2 indandione will develop higher
numbers of marks overall [40,41], but the reason ninhydrin is so widely
used is because it develops visible marks that can be quickly and easily
captured using a range of equipment (e.g. cameras, scanners,
photocopiers). It is thus well suited to applications in volume crime,
where it is necessary to process large numbers of exhibits rapidly and it
is considered that DFO treatment and subsequent fluorescence
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5.3

54

5.5

5.6

examination is too time-consuming. However, caution should be
exercised if ninhydrin is to be used in this way because a) it is less
effective than other processes and b) marks continue to develop up to
two weeks after treatment. Potentially identifiable marks will missed for
these reasons if ninhydrin is used as the sole process.

Ninhydrin is best suited to be used as part of a sequential processing
regime for porous exhibits. Although it is not as effective as DFO, it will
regularly develop additional marks if used sequentially after it because
the DFO reaction with amino acids does not proceed to completion and
some residue will be left to react with ninhydrin. In addition, ninhydrin
may react with some non-amino acid compounds that may be present in
fingerprints, which are not targeted by DFO. Use of ninhydrin does not
preclude subsequent treatment of the exhibit with physical developer.

Ninhydrin will also react with proteins and can be used for the
enhancement of marks in blood on porous surfaces. It will not be
possible to determine whether a mark is actually in blood by this method
alone, but ninhydrin can be used as a sensitive enhancement reagent if
blood is known to be present. The application of ninhydrin for the
enhancement of marks in blood has not been found to be detrimental to
the subsequent recovery of DNA [42, 43].

If ninhydrin has been applied, it is not possible to go back and retreat an
exhibit using DFO so if a mark has been developed on a surface where it
may subsequently benefit by converting the mark to a fluorescent
product the zinc toning process can be applied. Examples where this
may be relevant are banknotes treated by ninhydrin, where parts of the
developed mark are obscured by patterned backgrounds. However,
previous work by CAST [39] indicates that zinc toning is only truly
effective on predominantly white backgrounds that do not fluoresce.
Cooling the marks to liquid nitrogen temperatures was sometimes also
required to optimise the fluorescence viewed.

Ninhydrin is a versatile process and can be applied both in a laboratory
and at scenes of crime. In a laboratory thin paper exhibits can be drawn
through a shallow tray and allowed to dry before processing in a
humidity-controlled oven. A recommended specification for a humidity
oven suitable for developing marks on articles treated with ninhydrin is
given in the Manual of Fingerprint Development Techniques [44].
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5.7

5.8

5.9

Use of a shallow dipping tray for treatment of paper items with ninhydrin.

Small paper items should be placed into the oven and treated on sheets
of cardboard. This minimises the time taken to load the oven and also
avoids direct contact with any condensation that may have formed on the
shelves. Treatment time for exhibits will vary according to the time taken
for the oven to recover the temperature and humidity levels once the
door is opened to insert exhibits and then closed. This can be recorded
for a particular oven, and the treatment time used will be the recovery
time plus two minutes. This typically results in a treatment time of
between four and seven minutes. It is recommended that the oven
parameters are regularly checked to ensure that the temperature and
humidity values are being displayed accurately, and that the wick in the
oven is checked before each run to ensure that it is moist.

For larger articles that can be fitted into the humidity oven but cannot be
drawn through the dip bath, the ninhydrin solution can be applied with a
soft brush and the exhibit allowed to dry before treating it in the oven. If
articles are particularly dense (e.g. cardboard, wood or plasterboard),
they should be heated before being placed in the humidity oven to
ensure that the entire exhibit reaches the required reaction temperature
and to prevent a thin layer of condensation forming on the surface. The
formation of such a layer may have the detrimental effect of diffusing the
amino acids in the latent fingerprints. A pre-heating stage in a dry oven
at 80°C for 1 hour is recommended.

Ninhydrin solution can be used at scenes, again using a soft brush to

apply it to the surface being treated. The marks produced in this way
may require time (up to two weeks) to develop. Development rate can be
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increased by raising the temperature in the room and increasing humidity
if possible. Ninhydrin should never be spray applied at scenes; spray
application is less effective and the solvent, although not toxic or
flammable, may rapidly displace oxygen if used in this way.

5.10 Ninhydrin solution will keep for 12 months if stored at room temperature,
although any solution appearing cloudy should be discarded.
Precipitation of ninhydrin from the working solution will occur with time
after exposure to air. This is attributed to the fact that as the HFE7100
evaporates it lowers the temperature of the solution to a point where
ninhydrin precipitates. As a consequence, the solution should only be
poured out immediately before treating the articles. The ninhydrin
working solution should be discarded after use.

5.11 Articles to be treated with ninhydrin should not be stored in high humidity
environments (e.g. in non-porous bags with other damp articles) as this
will cause diffusion of amino acids. After treatment articles should be
kept in the dark because developed marks may fade on exposure to
light. For this reason developed marks should be photographed as soon
as possible after treatment, but because additional marks may continue
to develop the article should be re-examined after ten days.

6. Alternative formulations and processes

6.1 Formulations for standard papers

6.1.1Many other ninhydrin formulations have been proposed since its first
reported use for fingerprint development in 1954. The formulation first
used by Oden and von Hofsten [4] in1954 consisted of a 0.4% solution of
ninhydrin in acetone. Oden (1957) patented a revised formulation
consisting of 0.2% ninhydrin and 4% acetic acid in acetone or diethyl
ether. These formulations would not be recommended by CAST because
of the ink running that would potentially be caused by the solvents,
combined with their high flammability.

6.1.2The formulation proposed by Crown in 1969 [6] consisted of 7.5g
ninhydrin in 40mL methanol, then the addition of 960mL of petroleum
ether. The main purpose of this formulation was to reduce the damage
caused to documents by the acetone solvent. The formulation satisfied
these criteria, but again is based on a highly flammable solvent and
would not be recommended by CAST. The absence of acidity in the
formulation would also reduce effectiveness.

6.1.3The non-flammable ninhydrin (NFN) formulation developed by AWRE
under contract to CAST in the early 1970s consisted of 25g ninhydrin,
50mL acetic acid, and 100mLethanol mixed to form a stock solution.
Subsequently, 30mL of stock solution was added to 1 litre of CFC113 to
give a working solution. This equates to 5g ninhydrin, 10mL acetic acid,
20mL ethanol, and 1 litre CFC113 in the working solution. This was the
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formulation published in the first edition of the Manual of Fingerprint
Development Techniques [45] and continued to be recommended until
2002, when it was replaced by the HFE7100 formulation. It would not
now be used because the use of CFC113 is banned under the Montreal

Protocol.

6.1.4Studies by PSDB indicated that supercritical CO; could be used as a
solvent for ninhydrin [26], with the advantage that the solvent caused
minimal damage to the document being treated. However, specially built
reactors were required to produce the supercritical CO, and it was
considered unlikely that these would produce sufficient material for the

processing of large numbers of exhibits.

6.1.5Another formulation that is in operational use is the formulation based on
petroleum ether solvent proposed by Lennard and Mazella [24]. This is
formulated by dissolving 4g of ninhydrin in 20mL methanol, adding 10mL
of acetic acid and 70mL of ethyl acetate, then adding 900mL of
petroleum ether. CAST would not recommend this formulation because
of the flammability of the solvent, but other researchers have indicated
that similar ninhydrin formulations based on petroleum ether also give
inferior results in terms of fingerprints developed and the effect on the
documents being treated.

6.1.6In the comparative study carried out by Petruncio [30], a ninhydrin
formulation consisting of 5g ninhydrin, 20mL methanol, 10mL acetic acid
and 1 litre petroleum ether was trialled against the PSDB formulations
based on HFE7100 and HFC4310mee. The study compared ink run and
contrast and clarity of latent prints, and produced the results below.

HFE7100 better Equal Pet. ether better
Latent print 47.8% 45.6% 6.7%
quality
Ink run 33.3% 66.7% 0%
HFC4310 better Equal Pet. ether better
Latent print 48.9% 45.6% 5.6%
quality
Ink run 41.7% 58.3% 0%

Compatrison of the effectiveness of HFE, HFC and petroleum ether-
based ninhydrin formulations.

6.1.70ther comparative trials conducted by PSDB in the search for a CFC113
replacement used the heptane-based formulation proposed by Watling
[25] as a starting point for an optimised heptane system [27]. This
comprised 5g ninhydrin, 75mL ethanol, 25mL ethyl acetate, 3mL acetic
acid and 1 litre heptane, and performed well against the CFC113
formulation. However, at the time it was not recommended by PSDB
because of its high flammability.
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Pseudo-operational trial results on CFC-free ninhydrin
formulations
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Comparative test results on batches of 75 cheques for different ninhydrin
formulations.

6.1.8A cyclohexane-based solution was also developed, containing 5g
ninhydrin, 20mL ethanol, 10mL propan-2-ol, 10mL acetic acid and 1 litre
cyclohexane. In trials, this was significantly worse than the CFC113
formulation and was not recommended.

Pseudo-operational trial results on CFC-free ninhydrin
formulations
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Compatrative test results on batches of 756 cheques for different ninhydrin
formulations.

6.1.9The final class of solvents assessed in the initial phase of solvent

replacement studies were the HCFCs [27] and the following formulation
was identified for trial: 5g ninhydrin, 15mL ethanol, 5mL ethyl acetate,
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10mL acetic acid, 1 litre of HCFC141b. In comparative trials this did not
perform as well as the CFC113 system, caused more ink running and
there were concerns at the time that HCFCs would also ultimately be
banned. As a result, the formulation was not pursued further.

Pseudo-operational trial results on CFC-free ninhydrin
formulations
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Compatrative test results on batches of 756 cheques for different ninhydrin
formulations.

6.1.10Although effective, the cost of the HFE7100 solvent makes the volume
use of ninhydrin expensive and if cheaper, similarly effective, alternatives
were to be identified this would assist police forces in cost savings.
CAST has recently been assisting in research conducted by police
laboratory staff to evaluate novel, cheaper solvent systems and further
work is anticipated. The system showing most promise to date is
Asahiklin AE-3000, produced by the Asahi Glass Company in Japan [46].
This was originally projected to be priced around 30% less than
HFE7100, but more recent estimates by the supplier indicate that there
will be little, if any, cost savings.

6.2 Formulations for thermal papers

6.2.1A modified formulation has been proposed by CAST for the treatment of
thermal receipts [47]. When thermal receipts are treated with ninhydrin
they blacken due to reaction between acetic acid and the thermal ink
layer. Blackening also occurs due to the heat applied to the exhibit in the
oven used to develop marks. To counteract this, CAST carried out trials
and devised a formulation with an additional 45mL of ethanol added per
litre. This dissolves away the thermal ink layer and significantly reduces
subsequent blackening. The thermal paper is retained in the dip bath
until all the black deposit is removed from the surface of the paper, then
placed into the oven. In practice, this did reduce the problems associated
with blackening of thermal receipts but as ink compositions changed it
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did not prove possible to remove all of the ink layer easily in this way.
Pre-dipping the receipt in ethanol until all the text is removed and then
allowing it to dry prior to dipping in a solution of the standard formulation
has proved more effective [48].

6.2.2 Two other ninhydrin formulations have been proposed for the

development of fingerprints on thermal papers. In the ‘Nin-Dry’ process
proposed by McMahon [49], 30-50g of ninhydrin is dissolved in 1.5 litres
of acetone and this solution is used to impregnate sheets of paper by
soaking the paper and then letting it dry in a vented fume cupboard. The
document to be treated is placed between two impregnated sheets of
paper in a sealed plastic bag and left for three to seven days. If faster
development is required, the sandwich of document and impregnated
paper sheets can be covered in a moist towel and an iron used to apply
gentle heat and humidity.

6.2.3 The final process is the commercially available ‘ThermaNin’ product

marketed by BVDA, which consists of a hemiketal of ninhydrin with the
water molecule exchanged for an alcohol. On contact with the water
present in paper (or in the atmosphere) ThermaNin converts to ninhydrin
The combination of alcohol and the ninhydrin then becomes available for
reaction with the fingerprint residues. The working solution suggested by
BVDA consists of 4-5g ThermaNin, 5mL propan-2-ol, 15mL ethyl acetate
and 980mL of HFE7100 (petroleum ether or heptane may be used as
alternatives). Fingerprints are developed by dipping the exhibit in the
solution and leaving the exhibit overnight at elevated humidity (~80%
relative humidity), at room temperature in the dark. Thermal papers
treated in this way retain all printed text while developing the
characteristic purple fingerprints. CAST has initiated a comparative trial
between ThermaNin and other techniques capable of developing
fingerprints and leaving printed text intact [50]. The results of this
exercise are summarised in Chapter 5.2, 4-
Dimethylaminocinnamaldehyde (DMAC), but ThermaNin performed well,
giving results closely equivalent to physical developer. No direct
comparison has been conducted between ThermaNin and the standard
ninhydrin formulation.

7. Post-treatments

7.1

7.2

Post-treatments for ninhydrin can be divided into two main categories:
optical techniques that increase the contrast between the ninhydrin mark;
and the background and chemical treatments that change the colour
and/or fluorescence properties of the mark.

Marks developed using ninhydrin are non-fluorescent over broad regions
of the visible spectrum, and this can be used to make the marks appear
dark against a light background where appropriate light sources are used
to produce background fluorescence [14].
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7.3

7.4

The spectral reflectance curve of ninhydrin exhibits two minima in the
region of 410nm and 535nm, which may be utilised to enhance the
contrast of the mark. By either illuminating the marks with
monochromatic light of these wavelengths [51] or using narrow bandpass
filters passing these wavelengths in front of the imaging system
significantly enhanced the contrast of the ridges that can be obtained. A
green (~535 nm) bandpass camera filter is most commonly used for the
capture of marks developed using ninhydrin. Alternatively, modern digital
imaging systems and processing tools allow digital filtering of the red,
blue and green channels to achieve a similar end product.

The use of metal salt spray treatments to form metal complexes with
Ruhemann’s purple has been described in sections 2.3, 2.4, 3.12 and
3.13. Originally this was investigated as a means of producing a colour
change in the mark although in most cases the colour change was only
slight, typically from purple to red, orange or pink, and insufficient to
significantly enhance the mark. However, the observation that some of
these complexes are also fluorescent has proved more useful as a post-
treatment, with the complexes produced using zinc and cadmium giving
the most intense fluorescence. For safe, practical purposes, zinc toning
is the only chemical post-treatment for ninhydrin recommended by
CAST. Cooling of the exhibit enhances the intensity of fluorescence
produced and ideally zinc toning should be combined with fluorescence
examination with the exhibit cooled to liquid nitrogen temperatures.
Fluorescence examination should be carried out using the 468-526
excitation band of a Quaser and a 529nm cut-on long-pass viewing filter.

8. Validation and operational experience

8.1

Laboratory trials

8.1.1Although laboratory trials were conducted during the initial development

of ninhydrin formulations in the mid-1970s, these results are no longer
available. It has been found from experience that planted prints rarely
give operationally representative results in such trials, typically
performing worse than seen on casework [52]. This is possibly because
perpetrators of crimes may be under increased stress and sweat more,
giving more eccrine prints than seen in the laboratory. As a
consequence, development of revised formulations at CAST is usually
carried out using small-scale comparative tests until best performing
formulations are identified, after which testing proceeds to pseudo-
operational trials using realistic items such as bundles of cheques, as
can be seen in many of the results reported in this section.

8.1.2A recent exception to this is precursor work carried out to evaluate

possible alternative solvents to HFE7100, which carried out tests on split
depletion series deposited on a range of different paper substrates [53].
The two solvents investigated in this study were Asahiklin AE-3000
(1,1,2,2-tetrafluoroethyl-2[2,2-trifluoroethyl ether]) and Lenium (75%
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1,1,1,3,3-Pentafluorobutane + 25% 1,1,1,2,2,3,4,5,5,5-
Decafluoropentane). The results showed no significant difference
between the performance of the three solvents when used for fingerprint
development, although the Lenium solvent did cause more ink running
on treated documents. Lenium ultimately became unavailable and
subsequent pseudo-operational trials focused on the AE-3000 solvent
[46].

8.2 Pseudo-operational trials and operational experience

8.2.1An important element in optimising the ninhydrin process was to
establish the role of humidity in fingerprint development. Work to
investigate this was conducted by HO SRDB, later PSDB in the late-
1980s/early-1990s [12]. Initial trials carried out by counting fingerprints
developed on 250 cheques representing 77 separate cases clearly
demonstrated that humid processing conditions produced up to 5 times
more marks, and that these marks developed more quickly.

The effect of humidity conditions for ninhydrin marks developed with
time
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Resuilts of trials carried out on cheques to establish the effect of
humidifying exhibits treated with ninhydrin during processing.

8.2.2Later trials in 1992 refined the humidity conditions required and tests on
batches of 100 cheques, 25 from each of 4 banks, indicated that an oven
humidity setting of 59% relative humidity gave the best results. This
setting actually equates to a higher humidity (65%) in the region where
the exhibits are treated, but means that the oven should be set to 59%
relative humidity to achieve optimum development, which avoids issues
associated with ‘overshoot’ in the humidification system. This is
described in the Manual of Fingerprint Development Techniques [44].
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The effect of humidity level on the number of marks developed using
ninhydrin
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Results of trial to refine the optimum humidity level required for
development of marks using ninhydrin

8.2.3The HFE7100-based formulation now recommended in the CAST
Manual of Fingerprint Development Techniques [44] has been trialled
under UK conditions and found to be superior in performance to the
CFC113-based formulation previously used. As part of the programme to
find a suitable CFC-free ninhydrin formulation, Hewlett and Sears first
tested a number of CFC-free formulations against the CFC113
formulation then in use. Some of these early studies are reported under
section 6 ‘Alternative formulations and processes’ above. A pseudo-
operational trial, counting numbers of fingerprints with >8 minutiae
developed using each technique on batches of 75 fraudulently passed
cheques, gave the following result for the most promising HFC and HFE
compounds.
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8.2.4These results indicated that both formulations had the potential to give
equivalent, if not better, performance compared with the CFC113
formulation and fingerprints were developed over a similar timescale. As
a consequence, both formulations were carried forward to a full
operational trial carried out over a period of eight weeks at Essex Police.
Articles suitable for ninhydrin treatment were separated into three
batches, one treated with the CFC113 formulation, one based on
HFE7100 solvent and the other based on HFC4310mee solvent. The
number of fingerprints with > 8 minutiae was recorded, with exhibits
being examined for fingerprints after 2 days and again after 2 weeks.
Over the 8 weeks, 110 cases were treated by each process with an
equivalent number of articles treated by each process overall. The
results are tabulated and displayed graphically below.

Week Cumulative figures

CFC113 HFE7100 HFC4310mee

Cases | F’prints Cases F’prints Cases F’prints

1 14 50 15 89 12 70
2 29 140 32 146 29 102
3 39 156 42 204 42 139
4 54 196 54 243 55 220
5 69 238 66 309 68 263
6 80 242 83 384 79 347
7 102 280 102 427 102 393
8 110 331 110 468 110 430
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Cumulative number of fingerprints
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Number of fingerprints developed in operational trial on
chlorofluorocarbon-free ninhydrin formulations.

8.2.5Although this analysis shows HFE7100 and HFC4310mee to perform
better than CFC113 it was considered that these results may be
misleading because single cases could yield disproportionate numbers of
fingerprints; one-sixth of all fingerprints developed using HFC4310mee
coming from a single case. It is statistically good practice to remove
‘outliers’ (i.e. the largest and smallest figures) from such analyses for the
reason given above. The data were therefore also analysed in terms of
the proportion of cases where fingerprints were developed, and these
results are given below.

Week Cumulative figures

CFC113 HFE7100 HFC4310mee

Cases % with Cases % with Cases % with

fprints fprints fprints
1 14 64 15 73 12 84
2 29 69 32 72 29 66
3 39 64 42 74 42 52
4 54 63 54 72 55 53
5 69 67 66 73 68 51
6 80 60 83 70 79 50
7 102 60 102 68 102 51
8 110 60 110 67 110 53
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Operational trial results on CFC-free ninhydrin formulations
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Proportion of cases yielding fingerprints in operational trial on
chlorofluorocarbon-free ninhydrin formulations.

8.2.6 Under this analysis it appeared that the HFE7100-based formulation
was the most effective, having the dual advantage of being non-ozone
depleting and more effective than CFC113-based ninhydrin on
operational work. This formulation was therefore recommended for
operational use. It was also observed that the HFC-based formulation
became less effective as the solution used became older, indicating that
there may have been additional interaction between the HFC4310mee
solvent and other constituents. The reasons for this were not explored
further.

8.2.7This study only refers to the use of ninhydrin as a single treatment,
where in practice it may be used in sequence after DFO. Studies
reported in Chapter 3.3 1,8-Diazafluoren-9-one (DFO) demonstrate that
as a single process ninhydrin is less effective than DFO, but if used
sequentially after DFO, ninhydrin will develop additional marks.

8.2.8Results reported in Chapter 3.5 Physical developer also indicate that the
application of ninhydrin is not detrimental to subsequent physical
developer treatment and that physical developer can develop additional
marks after ninhydrin. The recommended sequence of DFO-ninhydrin-
physical developer for porous exhibits continues to be used successfully
in the UK.

8.2.9The effectiveness of zinc toning was also investigated in a pseudo-

operational trial in the late-1980s, looking at marks deposited on
cheques, coloured magazines and newspaper. The results of this trial
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indicated that results were poor on newspaper and obscured by
background fluorescence on coloured magazines, but on cheques
(based on white, non-fluorescing paper) zinc toning and fluorescence
examination increased the number of marks recovered if the paper was
chilled to liquid nitrogen temperature.

Relative effectiveness of ninhydrin and ninhydrin toned with zinc on
coloured magazines

Number of marks

Nin Nin/zZnCI2 - RT Nin/zZnCI2 - 77K
Process

Relative effectiveness of ninhydrin and ninhydrin toned with zinc on
newspaper

Number of marks

Nin Nin/ZnCI2 - RT Nin/ZnCI2 - 77K

Process

b)
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Relative effectiveness of ninhydrin and ninhydrin toned with zinc on
white paper (cheques)
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Psuedo-operational trial results (marks graded 2, 3 and 4) on naturally
handled items treated with ninhydrin and subsequently toned with zinc.

8.2.10 The most recent assessment of ninhydrin has been a pseudo-
operational trial to compare the effectiveness of the HFE7100-based
formulation with a revised formulation based on the alternative solvent
AE-3000 [46, 53]. This trial utilised items representative of casework,
including envelopes, receipts from retail shops, newspapers and letters.
The items were divided into 8 experimental batches of 50 exhibits and 4
control batches of 10 exhibits, the types of exhibits being evenly
distributed among the groups. These exhibits were then processed using
the standard ninhydrin conditions, comparing the effectiveness of the two
formulations and gathering additional information about long-term
stability. The results were analysed in several different ways: using the
basic CAST grading scheme; using a grading scheme taking into
account additional factors, such as ridge continuity and background
development developed at Staffordshire University; and also by running
the developed marks on an Automated Fingerprint Identification System
(AFIS) system. The results were analysed statistically using several
different models, and all results indicated that there was no statistical
difference between the effectiveness of the HFE7100 and AE-3000-
based formulations.
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3.5 Physical developer

1. History

1.1 Physical developer solutions had been in use for many years in the
photographic industry for the development of film. These worked with
exposure to light causing silver bromide or silver iodide crystals in the
film to reduce to specks of silver, these specks becoming sites for the
subsequent deposition of silver from solution. In 1969, Jonker et al. at
the Philips Research Laboratory in Eindhoven published a series of
papers on physical developers when investigating methods for making
printed circuit boards. These began with a review of classic physical
developer solutions [1] but most importantly also included the description
of a stabilised physical developer formulation [2,3] with the addition of
surfactants and ferrous ions to suppress spontaneous deposition of silver
from solution.

1.2 In common with many processes, the potential for fingerprint
development was recognised when fingerprints were accidentally
developed during the processing of photographic plates. Work to
evaluate the technique as a fingerprint development process began at
the Atomic Weapons Research Establishment (AWRE) Aldermaston in
the early 1970s [4,5], with Morris and Goode recognising that although
the process could develop marks on both non-porous and porous
surfaces, it was most effective on porous items. The process was
assessed against ninhydrin and osmium tetroxide on paper, both in the
dry condition and after wetting. It was found that although the
performance was not as good as ninhydrin or osmium tetroxide on dry
paper, physical developer was the only process to develop marks on
wetted paper and it was concluded that further trials should be
conducted by the Police Scientific Development Branch (PSDB).

1.3 These studies included background research on the electrochemical
characteristics of the formulation, together with investigations of
alternative metals to silver [6]. This work primarily focused on taking the
existing formulation towards operational use. Laboratory trials were
conducted across a range of different paper types, both fully wetted and
exposed to high humidity environments [7]. Rigorous testing, leaving
paper samples in cages in the Thames, indicated that fingerprint ridge
detail was still detected on paper samples which were close to physival
disintegration.

1.4 The use of a radioactive toner based on >°S for the revelation of
developed marks on patterned backgrounds was also proposed, using
autoradiography of the radioactive toned item to separate the mark from
the background. The recommendation of the original study was to
proceed to a one-year operational trial for both the basic process and the
toning technique This commenced at Sussex Police and the Metropolitan
Police in 1976, with HOSDB staff processing the exhibits in police
laboratories [8]. The operational trial confirmed the laboratory
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observations; additional marks were developed using physical developer
after ninhydrin treatment, marks were developed on items known to have
been wetted, and the radioactive toning process was successfully used
to reveal marks on patterned backgrounds. The trial was continued
without HOSDB involvement, using trained police staff to process
exhibits [9] and it was shown that similar results could be achieved.
However, during the early stages of this phase of the work it was
observed that the physical developer solutions were unstable, resulting
in rapid ‘fogging’ of the entire exhibit. Work was carried out by PSDB to
establish the reason for this [10] which concluded that the principal
cause was excessive exposure of the solution to light. With elimination of
this factor, results improved significantly. It was also discovered that
water quality was crucial for the production of stable solutions, so there
was a move to use only distilled, not deionised water. After further
testing, PSDB progressed with the operational implementation of the
process across the UK at the beginning of the 1980s [11].

1.5 Although the technique had been introduced into operational use, the
fingerprint constituents responsible for influencing development were still
not firmly established. Early work by Morris [5] had suggested that
cholesterol esters, hydrocarbons or triglycerides may trigger deposition
but in later tests by Gray [12] using a range of model compounds it was
not possible to identify clearly which were actively promoting deposition
and it may be that combinations of substances are responsible rather
than any constituent in isolation.

1.6 A problem sometimes observed during operational use of physical
developer was that background interference could occur. In some cases
this was seen as light greying, which did not affect visualisation of the
developed mark, but in other cases dark grey/black patching occurred,
which could obscure marks. Investigations at PSDB established that this
was caused by the calcium carbonate filler present in many papers,
which made them alkaline in nature. This caused silver hydroxide to be
formed, which was subsequently converted to the brown/black
compound silver oxide (Ag20). The proposed solution was to neutralise
the paper before the application of physical developer and a range of
acids were tested in this role, with maleic acid ultimately being selected
by PSDB (dilute nitric acid being recommended as an alternative by the
Home Office (HO) Forensic Science Service (FSS) laboratory at
Aldermaston). Another refinement to the formulation made by PSDB
(now renamed HO SRDB) in the mid-1980s was the reduction in the
concentration of surfactants used, made possible by the availability of
higher purity surfactant grades.

1.7 The technique began to be used worldwide, with published papers
promoting the benefits of the technique and giving case studies where
success had been obtained on wetted items [13, 14] and on items over
30 years old [14]. The importance of using an acid pre-wash to neutralise
alkali fillers in most commercial papers was emphasised [15]. As
discussed above, without this pre-wash a reaction occurred that caused
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the paper to darken, obscuring developed marks and inhibiting more
widespread use of the technique. A range of commercially produced,
pre-mixed physical developers were evaluated by the same researcher
[16], none of which supplied, or commented on, the need for a pre-wash.
All were capable of giving reasonable performance if a pre-wash was
used, but the researcher expressed concern that the lack of this advice
may cast doubt on the effectiveness of the process. Few commercially
produced packs explicitly state the constituents used, and CAST
encourages UK police forces to make their own solutions for operational
work to optimise performance.

1.8 The basic formulation recommended for operational use by CAST is little
modified from that originally described by Jonker et al. in 1969 and has
continued in use to the present day. Research into alternative
formulations has been predominantly carried out in the USA, with the
objectives of reducing cost, simplifying the process, reducing the time
taken to process exhibits and to improve visualisation of the developed
marks. Saunders experimented with a range of different physical
developer solutions at different dilutions [17], starting to process exhibits
with dilute solutions and if development did not occur silver nitrate was
progressively added until success was obtained.

1.9 Other adaptations investigated included:

. copper-based physical developers [18]
. toning of marks to make them fluorescent [18]
. bleaching of marks to make them more visible on darker

backgrounds [19].

1.10 A revised formulation was published by the US Secret Service in 2003,
incorporating malic (as opposed to maleic) acid in the solution and
reductions in the amount of silver, surfactants, ferrous salt and citric acid
[20, 21]. Split comparisons with the established process suggested that
the revised formulation gave equivalent, if not better, development. A
comprehensive review of the physical developer process and alternative
formulations investigated has been produced by Cantu [22].

1.11 More recently, acid-free formulations have been suggested for the
development of marks on porous and non-porous surfaces [23] but other
researchers have not been able to recreate these results. There has also
been concern about the continued availability of Synperonic N, one of
the surfactants used in the formulation, and work has been carried out
both in the USA and by HOSDB in the UK [24] to assess possible
alternatives. None of those investigated has yet proved to be as effective
as Synperonic N.

1.12 Physical developer remains an important reagent for fingerprint
development on porous surfaces. It appears to target different fingerprint
constituents to the amino acid reagents 1,8-diazafluoren-9-one (DFO)
and ninhydrin, and will regularly develop additional marks if used
sequentially after them. It has also been shown to develop marks on
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exhibits exposed to some of the harshest environments, including long
periods of water immersion, charring [25], gamma ray irradiation [26] and
on paper nearly 60 years old [27].

1.13 More recently there have been published papers demonstrating that Oil
Red O can also develop fingerprints on wetted surfaces and in some
situations may be more effective than physical developer. This debate is
more fully addressed in Chapter 5.12 Oil Red O, but the CAST position is
that physical developer remains more effective under typical operational
conditions and should continue to be the technique of choice for use on
wetted paper. Many of the studies on Oil Red O have used freshly
deposited, ‘groomed’ marks and this is not representative of marks
encountered operationally.

1.14 A number of workers overseas have indicated that they have problems
implementing the physical developer process, in particular the
development of high backgrounds. A team from PSDB carried out trials
during a visit to Israel in the late 1990s and concluded that local
differences in paper manufacture, possibly including the nature of the
inorganic fillers used, can affect the levels of background development.
Similar problems have been reported in China and in Taiwan. Some of
these issues may arise from water quality but others may result from
differences in paper manufacture.

2. Theory

2.1 In conventional physical developer solutions, spontaneous,
homogeneous nucleation of silver nuclei occurs by reduction of silver
ions. These nuclei carry a negative charge, and grow by progressive

silver deposition from solution, the negative charge being maintained
throughout their growth.

eSle
& Ag O
0n0

Negatively charged silver nuclei.
2.2 In stabilised physical developer solutions, several other chemicals are

added to suppress the reduction of silver ions to elemental silver unless
a suitable initiation site is present. In the case of the physical developer
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2.3

2.4

2.5

2.6

solution used for fingerprint development, the initiation sites are the
fingerprint ridges (although as mentioned above it is not fully clear which
constituents actually initiate deposition).

The phyS|caI developer solution contains both ferrous (Fe?*) and ferric
(Fe*') ions, setting up a ferrous/ferric couple reaction that acts as a
reducing agent for the silver ions. The reversible reaction below is set up:

Ag* +Fe® <> Ag + Fe™

Addition of citric acid reduces the ferric ion concentration by the
formation of ferric citrate, which releases three protons and essentially
drives the overall reaction in the direction of suppressing elemental silver
deposition.

Ag * + Fe?* + HsCit <> Ag + FeCit + 3H*

By adjusting the relative concentrations of each component, the
reduction reaction can be balanced so that it only occurs on fingerprint
ridges (or other sites where initiators are present) rather than in solution.
However, once a silver nucleus has formed, it acts as a site for further
silver deposition and this will result in depletion of silver ions from the
solution unless the initiation capability of the nucleus is suppressed.

Surfactants are added to the formulation in order to inhibit the growth of
the colloidal silver particles. As stated above, the silver nuclei formed in
solution are negatively charged, attributed to the adsorption of the
negatively charged citrate anions on the surface. A cationic surfactant is
therefore added to suppress particle growth, with the molecules of the
surfactant arranging around the silver particle in a staggered fashion to

g% f H//D

Micelle formed around silver part/cle by cationic surfactant molecules
interacting with citrate anions (HL*).
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2.7

2.8

29

A further non-ionic surfactant is added to prevent the cationic surfactant
being precipitated out of solution.

Despite several studies failing to identify conclusively individual
fingerprint constituents responsible for triggering nucleation, it is thought
that the essential element in the selective deposition of silver on
fingerprint ridges is that the fingerprint residue becomes positively
charged when exposed to the acidic (pH < 3) conditions of the physical
developer solution. This may be due to protonation of the amine groups
of proteins held within the emulsion of the fingerprint deposit, or by
olefins in the residue acquiring a positive charge. A brief study by Wright
[24] showed that physical developer gave weak positive development
with an amino acid mixture, a strong development with a lipid mixture
and the strongest reaction with a mixture of lipids and amino acids. The
mixed chemical environment within the fingerprint residue may create a
better environment for protonation and subsequent deposition to occur.

As described above, any silver nuclei formed in the solution will be
negatively charged. It is likely to be enveloped by the cationic surfactant
molecules, but close to the fingerprint ridges there is competition from
the positively charged components of the residue. In this environment
the micelle may be destabilised and the silver nucleus deposited on the
ridge, where it becomes neutralised. Once a metallic silver particle has
formed it can grow autocatalytically, resulting in a series of silver
particles 10-40um in diameter deposited along the length of the
fingerprint ridge.
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Scanning electron micrographs of a fingerprint treated with physical
developer a) low magnification, showing fingerprint structure b) medium
magnification showing fingerprint ridge and c) high magnification
showing individual particles.

3. CAST processes

3.1 The process recommended by CAST consists of three stages. In the first
stage, the exhibit is exposed to an acid pre-wash to ensure that the
substrate is neutralised and that darkening of the background will not
occur. In the second stage the exhibit is placed in the physical developer
working solution and agitated until it is considered that optimum
development has occurred. In the final stage, the exhibit is taken through
a series of water wash baths, removing all traces of the physical
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3.2

3.3

3.4

3.5

3.6

3.7

developer solution and stopping the reaction. It is recommended that the
glassware used for all these treatment baths is kept scrupulously clean
to prevent silver depositing on residual impurities such as dust particles.

The acid solution used for the pre-wash is a 2.5% w/v solution of maleic
acid, prepared by dissolving 25g of maleic acid in 1 litre of de-ionised
water. The role of the maleic acid is to neutralise the calcium carbonate
filler found in many papers. Maleic acid reacts with calcium carbonate to
form calcium maleate, releasing bubbles of carbon dioxide. The reaction
is considered to be complete when bubbles are no longer seen forming
on the surface of the paper.

The physical developer working solution is produced by adding a pre-
mixed stock detergent solution and a pre-mixed silver nitrate solution to a
further solution containing the ferrous and ferric ions and citric acid.

The stock detergent solution is produced by adding 2.8g of n-
dodecylamine acetate to 1 litre of distilled water then stirring. Once it has
dissolved, 2.8g of Synperonic N is added and stirred for 24 hours, with
the container being covered in clingfilm to prevent ingress of foreign
particles. The role of n-dodecylamine acetate is to act as the cationic
surfactant, forming micelles around any silver nuclei forming in the
physical developer working solution. Synperonic N is the non-ionic
surfactant, primarily added to prevent precipitation of the cationic
surfactant from solution although it is thought that it may have other
functions in the development reactions. It is known that without the non-
ionic surfactant being present, physical developer solutions do not work.
It is essential that the resultant working solution is clear at this stage for
optimum performance, cloudy solutions giving poor results. Cloudy
solutions may arise if the temperature in the laboratory is too low (<20°C)
or from contamination in one of the components; both causes should be
investigated if this issue begins to arise.

Silver nitrate solution is produced by dissolving 10g of silver nitrate in
50mL of distilled water, then storing it in a dark cupboard until required.
Silver nitrate is the source of the silver ions (Ag”) in the redox reaction
leading to silver deposition.

To prepare the working solution, 900mL of distilled water is measured
out and then, in order, the following chemicals are stirred into solution:
30g iron (l1l) nitrate, 80g ammonium iron (Il) sulphate, 20g citric acid. To
this are then added 40mL of the stock detergent solution and all of the
silver nitrate solution. The iron (IIl) nitrate is the source of the ferric (Fe*")
ions for the redox reaction, and ammonium iron (ll) sulphate provides the
ferrous (Fe?*) ions. Citric acid acts as a buffer for the reaction, reducing
pH to below three and suppressing formation of elemental silver.

The concentrations of each component have been selected such that the
redox reaction is balanced in favour of silver deposition on initiation sites
among the fingerprint residue, and not in solution.
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3.8 lItis possible to reduce the time taken for the washing stage of physical
developer by introducing a fixing bath after treatment with physical
developer [28]. A commercial photographic fixing agent can be used for
this purpose, following the manufacturer’s instructions. This has the
advantage of reducing the overall treatment time but means that it will
not be possible to retreat the exhibit with physical developer if faint
marks are present that could have benefited from a longer development
time.

4. Critical issues

4.1 There are several critical issues relating to the successful
implementation of the physical developer process.

4.2 An acid pre-wash is essential for paper items so that the alkali fillers
present in most papers are neutralised. If this stage is omitted heavy
background development may occur, which obscures marks.

4.3 The glassware used to carry out the process must be kept scrupulously
clean because scratches and impurities may act as preferential
nucleation sites and cause silver to precipitate out of the solution.

4.4 Distilled, rather than deionised, water should be used to make the
solutions because this has been shown to improve performance.

4.5 The presence of a non-ionic surfactant in the formulation is essential for
development to occur. The process is critically dependant on the
surfactants used and their purity. The early work conducted at AWRE
used a stock of dodecylamine acetate which was subsequently found to
be of low purity but produced excellent results. A subsequent purchase
of dodecylamine acetate, believed to be of higher purity, produced
acceptable results but the concentration recommended in the formulation
was revised downwards from 4g to 2.8g per litre for this batch. There are
still some questions over the performance of current sources of
dodecylamine acetate and no definitive comparisons have been
reported.

4.6 The process should be carried out at temperatures above 20°C to avoid
the formation of cloudy solutions, which are less effective in developing
marks.

5. Application

5.1 Suitable surfaces: physical developer is suitable for use on all porous
surfaces, including paper, cardboard and raw wood.
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5.2 The principal application of physical developer is the final stage in any
sequential treatment process for porous items. It has been repeatedly
demonstrated that physical developer targets different components
within fingerprint deposits than DFO and ninhydrin, and will frequently
develop additional marks if used sequentially after them. It should not be
used before DFO and ninhydrin in a sequence because on its own it is
less effective than either reagent and the aqueous solutions used will
dissolve the amino acids targeted by these processes.

5.3 Physical developer is also the reagent of choice when it is known a
porous item has been wetted. Because it targets insoluble components
of the fingerprint residue (or soluble components retained within an
emulsion of insoluble components) it is capable of developing
fingerprints after long periods of immersion in water. Operationally,
fingerprints have been developed on exhibits immersed for over three
months [13].

5.4 Physical developer has also been shown to develop marks on exhibits
exposed to temperatures in excess of 200°C [25], providing evidence
that the components targeted by the process are resilient to adverse
conditions. Supporting this are other results obtained during treatment of
articles known to be nearly 60 years old [27], where physical developer
produced several identifiable marks. It is therefore a process that can be
applied when it is known that an exhibit has been exposed to extreme
conditions.
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b)

Photographs of marks developed on articles exposed to extreme
conditions using physical developer a) marks on charred paper and b)
mark on a bill nearly 60 years old.

5.5 In alaboratory, physical developer is applied to articles by processing
them through a series of shallow dishes. The paper article is first placed
into a dish containing the acid pre-wash, agitating the dish gently until
bubbles are no longer formed on the surface. It is then transferred to a
dish containing the physical developer working solution, which is rocked
gently until optimum development of the marks has been observed. This
typically takes 10—15 minutes, but may take longer. Finally, the paper is
removed to a series of water wash baths before being allowed to dry in
air on an absorbent surface. Once the article is dry and developed marks
have been examined, a decision can be made about whether a
retreatment with physical developer is required or a post-treatment
should be used to improve contrast. It is important to control the
temperature during processing, with temperatures below 17°C inhibiting
successful development by destabilising the developer solution [24].

5.6 Physical developer is not a technique suited to application at scenes of
crime, although there are occasions where improvisations are known to
have been made, such as half-fish tanks pressed against walls and
successively filled with each treatment solution in turn.

6. Alternative formulations and processes

6.1 Alternatives have been considered to all elements of the physical
developer formulation.

6.2 Several different acids were considered for the pre-wash before maleic
acid was selected. More recently nitric acid and malic acid have been
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6.3

6.4

6.5

6.6

6.7

studied as possible alternatives, but none of them have given noticeably
better performance over maleic acid.

With regard to the metal component of the formulation, early studies by
Fuller and Thomas [6] indicated that solutions based on palladium,
rhodium and gold were investigated and although these deposited metal
on the surface as expected they did not appear to develop fingerprints.
Ramatowski and Cantu [18] reported research into a copper-based
physical developer using copper sulphate in place of silver nitrate.
Although development was obtained via this route, it has not proved as
sensitive as the silver-based system and is not recommended as a
replacement for it.

As part of a drive to reduce the cost of the large quantities of physical
developer used by the US Secret Service, revisions to the CAST formula
were investigated. These resulted in a revised formulation incorporating
malic acid [20,21], with reductions in the concentrations of ammonium
iron (I) sulphate, citric acid, both surfactants and silver nitrate. The
proposed formulation (based on 1 litre of water for each stage) is given
below:

malic acid 13g;

iron (ll1) nitrate 30g;

ammonium iron (Il) sulphate 70g;
citric acid 15g;

n-dodecylamine acetate 0.056g;
Synperonic N 0.056mL,;

silver nitrate 8g.

The results presented suggested that the above formulation was as
effective as the CAST formulation, if not more so. However, no
comprehensive trial has yet been reported that compares the two
formulations either in laboratory tests or on operationally representative
exhibits, so it is not yet possible to state whether a revision to current
(2011) UK practice is required. An adaptation of this formulation using
Tween 20 in place of Synperonic N was developed by the US Secret
Service, as a precaution against the possibility of Synperonic N
becoming unavailable. This formulation was tested against the CAST
formulation in trials of Synperonic N-free systems, and although it gave
better results on one-day-old prints it was poorer on prints that were two
weeks old. Further details of this trial are given below.

Another revised formulation omitting the maleic acid pre-wash was
issued by Yapping and Yue [23], but attempts by other researchers to
reproduce this formulation and the results claimed for it were
unsuccessful and at present it is discounted.

Concerns have been expressed about the environmental issues
associated with compounds closely related to Synperonic N. These are
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becoming banned because they closely mimic oestrogen in structure and
as these compounds enter the environment they may lead to reduced
sperm count and increases in testicular cancer. Recent research in both
the USA and the UK has therefore investigated alternative surfactants to
Synperonic N. In the UK study [24], the following alternative compounds
were considered.

Surfactant General description

Tween 20 Polyoxyethylene sorbitan (fatty acid
ester)

Tween 80 Polyoxyethylene sorbitan (fatty acid
ester)

Synperonic 91/5 Fatty alcohol ethoxylate

Synperonic 91/6 Fatty alcohol ethoxylate

Synperonic 13/6.5 Fatty alcohol ethoxylate

Synperonic 13/8 Fatty alcohol ethoxylate

Caflon-N Fatty alcohol ethoxylate

Surfactants used in the comparative study.

6.8 The solutions containing the different surfactants were compared with
the Synperonic N-based solution and applied to split depletions of
several thousands of marks deposited on a range of paper types. The
results showed that none of the proposed replacements for Synperonic N
gave equivalent performance, the nearest being the formulation based
on Tween 20 recommended by the US Secret Service from their own
internal research. The long-term availability of Synperonic N remains a
concern and therefore it is likely that this study will have to be revisited at
some point in the future. One observation that has been made
subsequently by the US Secret Service is that the Tween 20 formulation
benefits from being used after ageing for several days, and that the
solution used in the HOSDB comparative studies may have been ‘too
fresh’. This is another factor that requires further investigation.

7. Post-treatments

7.1 A range of post-treatments have been proposed for enhancing marks.
One of the earliest treatments proposed [6], and still outlined in the
CAST Manual of Fingerprint Development Techniques [29] is the
treatment of developed marks with a radioactive toner, then using
autoradiography to capture the marks. The principal application of this
technique was to reveal developed marks that would otherwise be
obscured by highly coloured or patterned backgrounds. In the radioactive
toning process, the exhibit is treated with radioactive sodium sulphide.
This converts the silver particles to silver sulphide, resulting in the
radioactive sulphur being bound into the fingerprint ridges. The treated
exhibit is then sandwiched between sheets of film for several days,
during which radiation emitted from the sulphur causes the film to darken
in regions where it is present. On development the film will show all the
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7.2

7.3

regions of the film that have become radioactive. The fingerprints will
only be more useful if the underlying background, ink or contamination,
has not taken up the radioactive sulphur. The technique has not been
used for many years and will be removed from future editions of the
manual.

Bleaching has also been proposed as a technique for both revealing
fingerprints on dark papers or as an initial step in the coloured toning of
developed marks [19,22, 30]. Several techniques have been proposed
for treating developed marks, the most widely used formulation operating
by the conversion of silver to silver iodide by first converting it to Ag.O
then converting Ag-0 to the silver halide. To carry out the process, a
stock solution of 20g potassium iodide in 100mL of distilled water is
prepared and one part of this solution added to 19 parts of the standard
physical developer working solution. The article to be treated is then
immersed in the solution until the paper background becomes blue-black
(this is thought to be due to the starch in the paper reacting with iodine)
and good ridge detail is observed. This may take between 15 minutes
and 2 hours. On dark paper or against dark backgrounds, the bleaching
process alone can reveal marks. For faint, developed marks on pale
backgrounds a weaker concentration of potassium iodide can be used to
treat the mark without darkening the background.

Alternatively, developed marks can be treated with standard
photographic colour toning solutions, e.g. Fotospeed Blue Toner (BT20),
using the manufacturer’s instructions to change the colour of the mark
and enhance its contrast [31]. Any silver deposited on the background
will also be toned in this way.
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b)

Marks on a rail ticket obtained by using physical developer a) as
developed and b) after bleaching and treatment with blue photographic
toner.

7.4 A final post-treatment that can be applied to articles treated using
physical developer is infra-red (IR) imaging, described in detail in
Chapter 4.2 Infrared imaging. The principle used is that the marks
produced using physical developer remain visible in the near IR and
many printing inks use organic pigments that are IR transparent. If a
camera sensitive in the near IR is used in combination with an
appropriate light source and a long-pass filter blocking the visible region
of the spectrum, it may be possible to suppress the background pattern
and reveal the features of the mark.

8. Validation and operational experience

8.1 There have been a limited number of extensive trials carried out on
physical developer, primarily because of its position within sequential
processing regimes. Physical developer is only going to be used as the
first process on items that are known to have been wetted, where until
recently it was the only process that could be considered for this role. It
is accepted that physical developer is less effective than DFO and
ninhydrin, but because it develops additional marks when used after
them rather than being considered in place of them, large-scale
validation has been considered unnecessary.

8.2 Laboratory trials

8.2.1The first reported comparative studies of the effectiveness of physical
developer were carried out at AWRE Aldermaston in 1975, where it was
compared with the non-flammable ninhydrin formulation being developed
by the same research group, and to osmium tetroxide [5].

- 149 - v1.0



Fingerprint Source Book — Chapter 3: Finger mark development techniques within scope of ISO 17025

8.2.2In this study, single fingerprints from two separate fingers from the same
donor were used and these were aged for different periods of time. One
set of exhibits was then wetted, and the paper processed using the three
processes being compared. A basic, non-numeric grading system was

used where:

The results are summarised below.

none = no trace of fingerprint;
very poor = traces of fingerprint only;
poor = just sufficient for general classification;

good = sufficient detail for identification;

very good = easily identifiable;
excellent = all ridge detail developed.

Age of Number Dry Wet

mark of prints | Ninhydrin 0s0, PD Ninhydrin 0s0, PD

1 day 1 Excellent Excellent | V. None None V. good
good

2 Excellent Excellent | V. None None V. good

good

5 1 Good Good Good None None V. poor

months | 2 Fair Good Poor None None Poor

6 1 V. good V. good Good None None Poor

months | 2 V. good V. good Good None None Good

7 1 V. good V. good Good None None Poor

months | 2 V. good V. good Good None None Poor

8 1 Good V. good Good None None Good

months | 2 Good V. good Good None None Excellent

10 1 Good Good Good None None Poor

months | 2 Good Good Good None None None

Results of early comparative trials on both dry and wetted paper articles.

8.2.3It was evident that physical developer was not as effective as ninhydrin
or osmium tetroxide for marks on dry surfaces, but was the only process
to develop marks on paper soaked for 24 hours.

8.2.4Continuation of this work was carried out at HOSDB in 1975 and 1976
and focused on evaluating the effectiveness of physical developer
against ninhydrin on paper kept in conditions where the surface became
wet [7]. Two trials were conducted, both using split palm prints where
one-half were kept indoors under dry conditions and the remainder were
exposed to the wet environment.

8.2.5The first trial exposed palm prints on paper kept exposed to the

atmosphere in an outside test rig at PSDB Sandridge over the period
November 1975 to January 1976. The grading system below was used.

1 = no reaction;
2 = reaction, no useful ridge structure;
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3 = useful, poor contrast;
4 = useful, good contrast;
5 = useful, very good contrast;

6 = excellent.

Week | £5 Banknote Kraft paper Glazed paper Bond paper
Control | Test | Control | Test | Control | Test | Control | Test
1 2+ 2 3 4 5 4 3+ 3
2 5 3+ 5 4 4 4 3 4
4 4 5 3 3+ 5 4 5 5
9 - - 3 4 - - 5+ 4+
Ninhydrin comparison
Week | £5 Banknote Kraft paper Glazed paper Bond paper
Control | Test | Control | Test | Control | Test | Control | Test
1 3+ 1 3+ 1 4 1 4 1

Results of early trials on paper items exposed to outside environments.

8.2.6A follow-on test was carried out holding samples in a water immersion rig
in the River Thames. This gave the following results.

Day £5 Banknote Kraft paper Glazed paper Bond paper
Control | Test | Control | Test | Control | Test | Control | Test

1 1 3 3 2 3 4 2 3

2 3 2 3+ 4 3 4 3 1

3 4 3 1 1 3 4 5 1

4 3 1 5 3 5 1 5 3

Ninhydrin comparison

Week | £5 Banknote Kraft paper Glazed paper Bond paper
Control | Test | Control | Test | Control | Test | Control | Test

1 3+ 1 3+ 1 3+ 1 3+ 1

Results of early trials on paper items immersed in the River Thames.

8.2.71t was evident that for wetted surfaces ninhydrin gave no reaction, and
that physical developer should be the development technique of choice.

8.2.8The most recent laboratory trials conducted by HOSDB focused on
comparisons of the existing physical developer formulation with those
based on the alternative surfactants identified in the ‘alternative
formulations and processes’ section above. The solutions containing the
different surfactants were applied to split depletions of several thousands
of marks, deposited on a range of paper types consisting of:

* brown envelope;
* white envelope;
* parchment paper;
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* magazine;

* newspaper,

* printer paper;

* green card;

* silk finish paper;
* wove paper.

8.2.9The number of marks scoring three and four (equating to clearly

identifiable marks) were recorded for each process on test strips aged for
one day and two weeks. The differential between the number of marks
graded three and four between the two techniques is recorded below,
with negative scores indicating that the surfactant performed worse than
Synperonic N.

One-day Two-week Average

differential differential differential
Tween 20 (US 11 -15 -2
Secret Service
formulation)
Synperonic 91/6 -3 -7 -5
Tween 80 -6 -6 -6
Caflon-N -7 -9 -8
Synperonic 91/5 -5 -18 -11.5
Synperonic -22 -18 -20
13/6.5
Tween 20 -33 -40 -36.5

Performance of different surfactants in physical developer solution
relative to Synperonic N.

8.2.10 The results show that none of the proposed replacements for
Synperonic N gave equivalent performance, the nearest being the
formulation based on Tween 20 recommended by the US Secret Service
from their own internal research. Production of Synperonic N is being
discontinued so it is necessary to implement a revision to the surfactant
used, and it is likely to be detrimental to the performance of physical
developer for fingerprint development unless a more suitable
replacement is identified.

8.3 Pseudo-operational trials and operational experience

8.3.1The results of the operational trials conducted in 1977 prior to
implementation of physical developer throughout the UK [9] are
summarised below.
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Number of marks %
New | Sussex | Sussex New | Sussex | Sussex
Scotland | (1-29) | (30-90) | Scotland | (1-29) | (30-90)

Yard Yard
Neither process 11 0 6 28.9 0 10
+ve
Ninhydrin +ve 6 13 8 15.8 46.4 13.3
PD -ve
Ninhydrin -ve 11 0 8 28.9 0 13.3
PD +ve
Both processes 10 15 38 26.4 53.6 63.4
+ve
Total cases 38 30 60 - - -
Total articles 433 69 234 - - -

Operational casework results obtained by applying physical developer
after ninhydrin on a range of porous articles.

8.3.2There were differences between the results obtained at different sites

and between different phases of the work at the same site, but in general
it was observed that physical developer consistently developed
additional marks when used after ninhydrin. In the first phase of the work
at Sussex the physical developer solution was degraded by exposure to
light and results were poor, in the work at New Scotland Yard exhibits
were selected because they were less likely to give positive results using
ninhydrin, hence the results obtained in the second phase of the work at
Sussex (where all exhibits passing through the laboratory were
processed) were probably most representative. In the course of the trial
the value of the technique in developing marks on wetted items was
confirmed, as was the usefulness of the radioactive toning post-
treatment for revealing marks on patterned backgrounds. The
subsequent operational recommendations that physical developer should
be used sequentially after ninhydrin and as a treatment for wetted paper
items were supported by the results above.

8.3.3This recommendation is still supported by operational results where

physical developer continues to develop additional marks as the final
stage of sequential treatments and as the sole treatment for wetted
items. In some cases the items treated have been over 25 years old and
have been immersed in water.
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3.6 Powders

1. History

1.1 The use of powders is one of the oldest reported techniques for
development of latent fingerprints. Faulds, in his publication
‘Dactyloscopy, or the study of fingerprints’ of 1912 [1], refers to the
experiments conducted by Forgeot in the late 19th century as the first
studies into the powdering technique, and also comments on subsequent
experiments of his own [2]. By 1912 Faulds [1] was able to describe
formulations and application techniques for both black and white
powders, and by 1920 many more types of powders had been reported
for development of fingerprints, including mercury-chalk (hydrargyrum—
cum—creta), graphite, lamp black, ferric oxide, magnesium carbonate,
aniline dye stuffs, lycopodium powder-Sudan Red mixture, red lead
oxide, lead carbonate, lead iodide and lead acetate [3]. By the end of the
decade a further selection of fingerprint development powders had been
reported, including the first references to the use of aluminium powder.
The purpose of many of these materials was to provide investigators with
a range of different coloured powders that could be used to both develop
a crime scene mark and provide contrast with coloured backgrounds.
Some of these early powders persisted in use for many years. Mercury-
chalk was still in use in the UK in the 1970s, and carbon black-based
powders remain in use worldwide to the current day (2011).

1.2 Another technique for providing contrast between the developed mark
and the substrate and considered relatively early in the history of
fingerprint development was fluorescence. Zinc sulphide and anthracene
were proposed as fluorescent dusting powders in the 1930s [4], with the
developed marks being illuminated with long-wave ultraviolet (UV)
radiation to promote phosphorescence and luminescence respectively.
Variants of these powders were still being recommended for
development of latent fingerprints on multi-coloured surfaces in 1954 [5].

1.3 The range of powders that have been formulated and marketed for
fingerprint development in the intervening years far exceeds the number
of chemical development techniques, and more enter the market every
year. Some examples of powder ‘recipes’ that have been used by police
forces in the past [6,7] but that are now predominantly obsolete, are
given in the table below.

Colour of powder Constituents W1t% of constituent
Black Lamp black 70

Graphite 20

Gum acacia 10

Black magnetic ferric 50

oxide

Rosin 25

Lamp black 25
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White Titanium dioxide 67
Kaolin 16.5
French chalk 16.5
Titanium dioxide 33.3
Basic lead carbonate 33.3
Gum arabic 33.3
Grey Mercury 25
Chalk 50
Aluminium powder 25
Basic lead carbonate 87.5
Gum arabic 12.5
Aluminium powder trace
Lamp black trace to give colour
Red/orange Red lead oxide 33
Rosin 67
Lycopodium 90
Sudan Red Il 10
Fluorescent Anthracene 50
White tempera 50

Published formulations for various types of early fingerprint powders.

1.4 These early powder formulations do not appear to have been devised by
any standardised testing system, nor were any recorded comparative
trials carried out to establish which formulations were most effective.
Their use was often according to the personal preferences of the person
treating the marks at the crime scene rather than any scientific
assessment of which powder was most appropriate for a particular type
of surface. As a consequence, no single type of powder predominated
and many local variations in practice arose worldwide.

1.5 Some of the constituents used in early fingerprint powder formulations
were toxic or carcinogenic and their prolonged use could cause health
problems. The best documented of these problems is the occurrence of
mercury poisoning among officers in UK police forces [8,9], initially
reported in the late 1940s and caused by the use of mercury-chalk
powder. Although most of these powder formulations have since been
withdrawn, it is still recommended that users consult material safety data
sheets before employing any new type of powder.

1.6 Many powders used for fingerprint development in the first half of the
20th century were also granular in nature, typically applied with animal
hair brushes. Photography of the marks developed by powdering was
almost exclusively carried out in situ. Developments in the 1960s meant
that alternative types of powders began to become more widely used.
The first of these developments was the ‘Magna brush’ in the early
1960s [10], consisting of a retractable bar magnet within a non-magnetic
cover material. When dipped into a pot of magnetic powder, a brush-like
head of powder became attracted to the magnet, which could then be
drawn across the surface like a hairbrush. A range of magnetic powders
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1.7

1.8

1.9

were soon developed for use with this brush. The second development
was the increasing recognition that aluminium flake powder, already in
operational use in the 1950s, had a combination of properties that made
it ideally suited for use with lifting media, thus overcoming the need for
photography in situ and enabling the separation of the developed mark
from backgrounds that may have made photography difficult.

PSDB has carried out several unpublished surveys of the types of
powders in use in police forces around the UK, showing the progressive
change in the types of powders used. The use of aluminium flake powder
and subsequent lifting of the mark was adopted by the Metropolitan
Police around 1971 after observing the practice in the USA. The principal
objective of this change in practice was to avoid the transport of exhibits
for photography; although it was argued that results were as good as or
better than previous procedures. It was widely adopted around the UK
over the next 5-10 years, although two forces were still almost
exclusively using white and black powders into the late 1980s.

Since then, aluminium flake and magnetic powders have been
increasingly used in place of granular powders and the types of powder
currently (2011) in widespread use can be grouped into four main
classes, namely:

. metal flake powder (e.g. aluminium and bronze);
. granular powder (black and white);

. magnetic powders;

. fluorescent powders.

The categories above represent a general classification, the actual
number of powder formulations that are available on the world market
can be numbered in the hundreds and some formulations actually fall
into more than one category. Each of these different powder types have
particular types of surface to which they are most suited — there is no
one powder that will consistently develop marks of optimal quality on all
surfaces. However, despite this recognised performance variation there
is very little reported evidence of large-scale comparative studies to
demonstrate the relative effectiveness of powders other than the
experiments carried out by the Home Office Scientific Development
Branch (HOSDB) [11,12,13]. These comparisons were limited to a small
number of powders identified as being representative of the general
categories by a survey of police force scene of crime units and by
preliminary evaluations. By tracing the commercial powders back to
source it was established that many differently labelled products were in
effect the same powder, and some other less-used powders performed
poorly in early trials and were therefore eliminated from subsequent
studies. This enabled the large-scale trials to focus on powders that were
effective, and/or widely used. A methodology is presented [11] that
allows researchers to carry out similar comparative assessments for any
new powder system.
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1.10 Powdered marks probably account for the largest number of fingerprint

identifications worldwide, in the UK alone approximately 50% of the
60,000 fingerprint identifications per annum arise from marks developed
using this process. It is therefore evident that even the small proportional
improvements that can be achieved by the selection of the optimum
powder and brush combination for a particular surface have the potential
to provide significant operational benefits, and further study of this area
may be required.

2. Theory

2.1

2.2

2.3

24

The development of fingermarks by powdering occurs by preferential
adhesion of powder particles to the ridges, with the background material
having less affinity for the particles. This means that powders should not
be used where surfaces are sticky or heavily contaminated because the
particles will not be able to discriminate between the constituents in the
fingerprint residues and the contaminant, and will adhere across the
entire surface.

The factors that are thought to play a role in promoting powder particles
to adhere to fingerprint ridges are:

. particle shape;

. surface chemistry of the powder particle;
. electrostatic charge on the particle;

. adhesion to grease or liquid;

. low(er) adhesion to the substrate.

The overall adhesive effect of a particle to a fingerprint ridge is likely to
be a combination of all these factors and therefore no one dominant
mechanism can easily be identified.

In terms of particle shape, it has been suggested that flake powders are
more sensitive than granular powders because their shape gives them a
higher surface area and hence better contact with the fingerprint
deposits.

With regard to surface chemistry, it is known that the adhesion of a
powder particle to a solid surface in air or a gaseous medium is partly
due to molecular forces [14]. It is therefore anticipated that changing the
molecules on the surface of the powder particle will have an effect on the
interaction between that particle and the medium it adheres to. It has
been demonstrated that surface coatings do play a role in the
effectiveness of metallic flake powders for fingerprint development.
Experiments conducted by James et al. [15,16] demonstrated that flake
powders without stearic acid coatings were poor for fingerprint
development, irrespective of flake diameter. Further investigation of
stearic acid coating thickness showed that optimum results were
obtained for a coating thickness of 70nm.
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2.5

2.6

2.7

Electrostatic charge can potentially make large contributions to adhesion.
It has been stated [14] that if particles are highly charged, the value of
the attractive Coulomb forces exceeds that of other contributions to
adhesion. Researchers have investigated various ways of utilising this
effect for enhancing fingerprint development using powders, but it is not
the major mechanism used in any of the types of powder widely used at
crime scenes.

The presence of liquid or grease in a fingerprint deposit will promote
adhesion of the particle to it for two principal reasons. The first is that the
liquid is able to wet the surfaces, thus giving a greater contact area for
the powder particles. The second is the capillary force of the liquid
caused by surface tension. In atmospheres of relative humidity in excess
of 70% the increase observed in the adhesion of microscopic particles is
due to capillary forces. It has been suggested that in dry climates or for
fingerprints that have dried out, ‘huffing’ (blowing warm, humid air or
breath over the mark) or rehumidification prior to powdering may improve
the quality of the developed print [17].

Once the initial layer of powder particles have adhered to the fingerprint
ridge, the process of auto-adhesion (the interaction between individual
powder particles) becomes important. In the case of aluminium powders
it is suggested that repeated passes of the brush are used to ‘build up’
the mark, indicating that strong auto-adhesive bonds do exist between
aluminium powder particles. For powdering with magnetic flake powders,
a single sweep of the applicator is suggested, with further passes
thought to fill in” or reduce the quality of the fingerprint. This indicates
that auto-adhesive forces between magnetic flake particles are weak,
and there is a possibility that the magnetised particles may repel each
other.

3. CAST processes

3.1

CAST recommendations suggest the use of several different generic
types of powder, the advice regarding selection being dependent on the
type of surface being treated. The current (2011) recommendations are
as follows [18]:
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Select powder based upon the texture of the surface

Textured

Select powder based upon the type of smooth surface

footnote

[MAGNETIC

Select powder based

Select powder based upon the surface colour
upon the surface colour

BLACK
MAGNETIC

BLACK MAGNETA
[ Sl ][GRANULAR] FLAKE

\ 4 \ 4

| | | WHITE |
ALUMINIUM MAGNETIC

Home Office Centre for Applied Science and Technology flowchart for
the selection of powders.

3.2 Aluminium flake powder is the most effective powder on glass, but shows
similar performance to several alternative powders on other smooth,
non-porous surfaces. For these surfaces aluminium may still be the
powder of choice as it is easy to apply and develops good contrast
marks on most smooth surfaces. The most effective brush for use with
aluminium powder is the glass fibre, Zephyr-style. Although monitored
trials established that exposure to aluminium dust in normal usage is an
order of magnitude lower than allowable exposure limits, dust masks
should be used with this powder when used in confined environments.

3.3 Brass (copper/zinc alloys commonly referred to as ‘bronze’ or ‘gold’ due
to their colour) flake powders perform similarly to aluminium flake
powder, but should only be used on smooth, silver coloured surfaces
where aluminium would give low contrast. An appropriate dust mask
must be worn when using this type of powder because the exposure
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3.4

3.5

3.6

3.7

3.8

limits for this type of powder are lower than those for aluminium flake and
can be exceeded during normal use.

Black granular powder may be used on some smooth surfaces only and
can be considered as an alternative to brass flake powder on silver
coloured surfaces. Dust masks should be worn when using this powder.

Black magnetic powder is the most effective powder on textured surfaces
and unplasticised poly vinylchloride (uPVC). Similar results were
obtained with ‘jet black’ magnetic powder, but others (grey, silver, etc.)
were found to be considerably less sensitive. White magnetic powder,
although less sensitive, may be used on dark, textured surfaces when
contrast is an issue.

Magneta Flake powder is slightly less sensitive than black magnetic
powder on textured surfaces, but may offer an alternative on dark
textured surfaces. It may also be used on most smooth surfaces
although application can be difficult and inconsistent.

Further information on each type of powder is given below.

Aluminium powder

The aluminium powder that was widely used throughout the UK was
either ‘Aluminium Super 8000’ or ‘Offset 901’, both supplied by
Wolstenholme International Ltd. Wolstenholme has recently been taken
over and a closely equivalent powder is now supplied by the new parent
company (Eckart Effect Pigments). Small-scale tests and microscopy
indicate no significant differences in morphology or performance. They
are metal flake powders, with smooth surfaces and jagged edges. The
diameter of the particles falls within the range 1—12um and the thickness
is ~0.5um. The flakes are coated with stearic acid during the milling
process to prevent clumping.

Scanning electron micrographs of Wolstenholme Super 8000 aluminium
powder showing a) flakes viewed from above and b) flakes viewed from
the side.

- 163 - v1.0



Fingerprint Source Book — Chapter 3: Finger mark development techniques within scope of ISO 17025

3.9

Granular powders

Most black granular powders are carbon-based. The main carbon
supplier in the UK is Cabot Ltd, which supplies most forensic providers
with the Elftex 415 grade of carbon powder. This is an amorphous,
elemental carbon with a particle size in the range 5—10um and a
textured, irregular (but smooth) shape.

3.10 White powders may contain more than one particle type. The example
shown below consists of large flakes of magnesium silicate (20—100mm
in size) with small granules of titanium dioxide (mostly <1um). The small
granules coat the surface of the flakes, suggesting that the flakes act as
the carrier for the titanium dioxide granules.

3.11

Scanning electron micrographs of typical a) black and b) white granular
powder.

Magnetic powder

There are two distinct types of magnetic powder used in the UK,
Magneta Flake and black magnetic powder (traditionally called Magna
powder). Magneta Flake was developed as part of a joint project
between the Home Office and the University of Swansea in the early
1990s [15,16] and is now manufactured and distributed by CSI
Equipment Ltd. It is produced by milling spherical carbonyl iron with 3—
5% stearic acid in an appropriate solvent to produce a smooth edged
flake with particle sizes in the range 10-60um. Other types of magnetic
flake powder are now available from other suppliers.

3.12 Black magnetic powder has a substantially different microstructure,

consisting of large magnetic carrier particles of elemental iron (20 —
200um) and smaller non-magnetic particles of iron oxide (Fe3O4) with a
particle size in the range 3—12um. The larger particles act as a carrier
medium for the smaller particles, which adhere to the fingerprint ridges
and develop the mark.
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Scanning electron micrographs of magnetic powders a) Magneta Flake
and b) black magnetic powder

4. Critical issues

4.1 There are several critical issues to consider before powdering a surface.
Before any powder is applied, a search should be made using a white
light source to establish whether any visible marks are present. These
should be captured before proceeding because not all marks found in
this way will subsequently develop using powders.

4.2 An assessment should be made of the surface itself. If the surface is
heavily contaminated, highly textured and/or porous, powdering may not
be the best technique to use and alternative processes should be
considered.

4.3 The type of powder used should be selected according to the nature of
the surface, choosing both a powder type known to work well on that
surface and a powder colour that gives a good contrast with the
background.

4.4 The means of application should be compatible with the powder
selected. Aluminium powders are best applied using a glass fibre Zephyr
brush, magnetic powders using a magnetic applicator, and granular
powders using a soft mop style of brush.

4.5 The decision on whether to lift the mark or to image in situ must be made
according to the type of powder used. Aluminium (and brass) flake
powders are well suited to lifting, magnetic and granular powders may be
better imaged in situ first. However, regardless of the powder used there
is always the possibility of damage during lifting and photography of the
mark in situ should always be considered as a first option.

4.6 The sequential use of powders should be considered. It is possible that

marks will not be developed by one type of powder, but may be
subsequently enhanced by use of a different type.
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5. Application

5.1

5.2

5.3

54

5.5

Suitable surfaces: Powders can be used on all non-porous types of
surface including glass, plastics, metals, painted and varnished wood
and ceramic, although they may not be the most effective process for
that surface. In general, as the surface becomes rougher and more
porous, the less effective powdering is likely to be.

The principal application of powders is the development of fingerprints on
smooth non-porous surfaces at crime scenes, although recent research
has shown them to be a valuable method for finding marks on textured or
semi-porous surfaces such as wallpaper. The brush application method
allows large areas such as windows, doors and door frames to be
speculatively treated without recourse to more messy or time-consuming
chemical treatments. The speed and effectiveness of the technique
makes powders well-suited to volume crime applications. The fact that
other treatments (such as blood dyes, powder suspensions and
superglue) can be used sequentially after it also makes it an important
first treatment at serious crime scenes.

In the laboratory, powders can be used on non-porous exhibits where it
is suspected there may be a mixture of latent prints and marks in blood.
This is because they can develop both types of mark and have no
detrimental impact on subsequent treatment with blood dyes (unlike the
alternative treatment option, superglue).

Powders should not be used if it is suspected that a surface is
contaminated with any sticky residues (e.g. foodstuffs, oils) because
powder will adhere to the entire surface and marks will not be resolved.

The means by which the powder is applied to the surface can also affect
the quality of the mark. It has been recognised [19] that marks may be
damaged by poor powdering practice and/or the use of the wrong type of
brush. Similarly, brush application may often develop surface texture
instead of the mark, and selection of an appropriate applicator may in
some cases be more important than selection of the correct powder.
HOSDB carried out extensive studies [11,20] to determine the optimum
brush for use with aluminium powder and concluded that glass fibre,
Zephyr-style brushes gave the optimum combination of ridge detail
developed, contrast of the developed mark and minimal brush damage.
This is because the glass fibre brush retained the powder well and
released it gradually, which is most compatible with the gradual build up
of the marks produced with this type of powder. In contrast, squirrel hair,
mop style brushes give significantly worse performance in all three
respects for aluminium powder, but are the most widely used brush for
use with granular powders.
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5.6

Magnetic powders (both black magnetic and Magneta Flake) are applied
using magnetic wand applicators, where a small magnet in the tip of the
wand picks up a ‘brush’ of powder when dipped into the powder
container. This powder ‘brush’ is then applied to the surface, thus
avoiding any direct contact between the applicator and the surface.
Although such powders are relatively easy to apply to horizontal
surfaces, application to vertical surfaces is less straightforward and
powder may drop off. Ease of application to a particular surface should
be taken into consideration when selecting the powder to use.

6. Alternative formulations and processes

6.1

6.2

6.3

There are many different types of powder being sold for fingerprint
development applications and it is not possible to evaluate every product
on the market. As a consequence, the advice given in the powder
selection flow chart above refers to generic powder types only and not to
a specific manufacturer’s products. It is known that several nominally
similar products are now available on the market (e.g. ‘Magneta Flake’
and ‘Mag100’) and not all of these have been tested by CAST.

It is possible that some products may give better performance than those
covered in the existing CAST guidance. If the use of a product not
currently (as of 2011) within the generic powder types outlined above is
proposed, it should be extensively evaluated against the existing powder
types in laboratory trials on representative surfaces before being used
operationally. The guidance given by CAST originates from tests utilising
thousands of developed marks, and any trials recommending changes to
that guidance should incorporate an equivalent number.

PSDB funded work in the mid- to late-1970s to develop an electrostatic
powder process for developing fingerprints at scenes of crime [21-25].
The perceived advantages of the technique were that it could develop
fingerprints without making any contact with the latent mark, and that the
developed mark could be enhanced by removing excess powder without
damaging the mark. The concept proposed by Roy 22] was the use of a
positively charged high voltage electrode introduced above a quantity of
powder within an insulating container to attract a powder coating onto the
electrode. Holding the electrode over a surface bearing a fingerprint
resulted in the formation of a powder cloud, with charged powder
particles moving between powder and surface and some being retained
on the fingerprint ridges. Several different powders were studied, the
most appropriate for this purpose being found to be the semiconductor
calcium tungstate (CaWO,). Work was also carried out to develop a
practical apparatus for powder delivery [21] and to explore mechanisms
of deposition and cheaper alternative powders to calcium tungstate [23-
25]. Ultimately the system did not enter widespread operational use,
possibly because of limited benefits over conventional powdering,
coupled with the added complexity of the application device compared
with brushes.
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7. Post-treatments

7.1

7.2

7.3

7.4

The main post-treatment for powdered marks is that of lifting.
Advantages of this process include the fact that it enables a large
number of marks developed using powder to be rapidly collected from a
scene, it removes the powdered mark from the background environment
it has been developed on and thus makes imaging of the marks in
isolation easier, and it removes many issues associated with the level of
skill of the crime scene photographer in capturing a good quality image.

To counter this, some disadvantages are that lifting may remove
contextual information about the environment the mark was found in, and
the quality of the lifted mark is potentially degraded from the mark
developed in situ because some powder remains on the surface while
the remainder adheres to the lifting medium. Lifting is most compatible
with flake powders, it is less appropriate for granular and magnetic
powders and may cause greater degradation to the quality of the lifted
mark for these powder types. If it has been decided that the developed
mark is to be lifted there are several types of material that can be used
as lifting media, including:

. adhesive tapes and sheets;
. gelatine lifts;
. casting compounds.

In common with powders and brushes, selection of the optimum lifting
medium for a particular type of mark may improve the quantity and
quality of the marks recovered. However, there are few extensive
published studies in this area.

The lifting process is principally used for aluminium powdered marks, but
may be used for marks developed using other types of powder. For
marks developed using aluminium flake, clear adhesive tapes are most
commonly used as the lifting medium. The lifted mark is stuck to a clear
acetate sheet, which is then retained as the exhibit. The contrast
between the reflective aluminium powder and the transparent tape and
acetate can be utilised to capture images of the lifted mark. Techniques
used include contact printing using equipment such as the Camtac
(although the advent of digital imaging is leading to this method
becoming obsolete), scanning using a glossy black backing sheet, or
using a ‘black box’ to enhance the contrast.
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‘Black box’ imaging arrangement used to enhance contrast of aluminium
lifts.

7.5 The type of lifting tape used does have an effect on the quality of the
mark, and some studies have been carried out to assess this [26].
However, in practice there are few, if any, adhesive tapes produced
solely for forensic use and it is difficult to ensure that any particular tape
type will perform consistently from roll to roll. For this reason, CAST does
not recommend any specific brand of lifting tape. Small-scale tests by
CAST indicate that black gelatine lifts may actually be better than
adhesive tape in lifting aluminium powdered marks, but this type of lift is
more expensive, and more difficult to store and transport than tape lifts
and is not routinely used.

7.6 Other recent developments associated with the lifting process include the
introduction of wireless transmission of the fingerprint image from the
crime scene to the fingerprint bureau. One approach [27] uses a flatbed
scanner with a gloss black backing paper to scan the aluminium lift and
image compression software to reduce the file size to a level that can
transmitted over a mobile phone network in around 30 seconds.

8. Validation and operational experience
8.1 Powdering is a very important process for fingerprint identification, with
approximately 50% of fingerprint identifications (in excess of 30,000 per

annum) being obtained from marks developed using this technique. As a
consequence, any improvement in the effectiveness of powdering or
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guidance associated with its application has the potential to provide a
significant number of additional identifications.

8.2 Laboratory trials

8.2.1CAST has conducted extensive laboratory trials on both powders and the
brushes used to apply them. Each study has involved the development
and assessment of approximately 10,000 fingerprints.

8.2.2Surveys carried out on powdering practice in the UK confirmed that by
far the most widely used powder was aluminium, although many different
brushes were being used for its application, including glass and polyester
Zephyr, feather, and squirrel hair. The initial study [11,20] looked at the
most effective brush type for the application of aluminium powder. Trials
were carried out on four surfaces identified by a survey of scene of crime
officers (SOCOs) as those most representative of those found at crime
scenes, namely glass, uPVC, painted wood and painted metal. In all
12,640 marks were powdered and graded in terms of ridge detail
developed, contrast and brush damage. The conclusion of this work was
that glass fibre, Zephyr-style brushes gave the best results for this type

of powder.
Effectiveness of different brushes used with aluminium
powder
25
&
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Glass fibre Glass fibre Squirrel (Zephyr Tapered polyester Nylon Feather Non-tapered Squirrel (artist
(unstarched) (starched) style) polyester style)
Brush type

Summary of results obtained comparing the effectiveness of different
types of brush used with aluminium powder.

8.2.3It was recognised that although aluminium is routinely applied to all the
surfaces used in the trial summarised above, it may not actually be the
best powder to use in all cases. The next stage of the work [12] therefore
compared the effectiveness of aluminium against other types of regularly
used powder on a series on smooth, non-porous surfaces (glass, painted
metal, ceramic and gloss painted wood). Approximately 1,500 marks
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were developed on glass and approximately 2,500 on the other three

surfaces. The results are shown below.
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8.2.4The results indicate that although aluminium powder is the best
performing powder on glass, on other smooth surfaces magnetic
powders may actually give slightly better performance. As the roughness
of the surface increases the effectiveness of aluminium drops off and
both types of magnetic powder are more effective. In order to investigate

this further, the next trial compared a range of powders on surfaces with
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different levels of surface texture including uPVC, laminate furniture,
kitchen worktops and wood furniture [13,28]. The graphs below show the
results of this study, which developed and graded 9,560 marks.
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Effectiveness of different powders on textured kitchen
worktops
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Effectiveness of different powders on wood surfaces

100
90
80
70

60

O 1 day
W 7 days

50

40

30

20

% of marks with >1/3 ridge detail

10

Aluminium Magneta Flake Black magnetic Black granular

Powder types

Compatrison of different powder types on wood furniture.

-174 - v1.0



Fingerprint Source Book — Chapter 3: Finger mark development techniques within scope of ISO 17025

8.2.5When considering the results obtained from all surfaces examined, it is
evident that as the surface becomes more textured, the effectiveness of
both aluminium flake and black granular powder decreases significantly.
The effectiveness of both types of magnetic powder also decreases as
surface texture increases, but the degradation in performance is not as
great and these powders are recommended for use on this type of
surface.

8.3 Operational experience

8.3.1Since the issue of the Fingerprint Powders Guidelines [18] in 2007,
CAST has supplemented this with several training sessions targeting
SOCOs at individual police forces. In some cases there have been
reported rises in the use of black magnetic powder at the expense of
aluminium flake and an increase in marks developed, but at present (up
to 2011) it is difficult to assess whether both trends will be sustained in
the long term.
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3.7 Powder suspensions

1. History

1.1 During the development of the small particle reagent in the late 1970s,
many other particulates were investigated as constituents in the
formulation, including amorphous carbon and graphite and the oxides of
the magnetic elements cobalt and iron [1]. All of these gave good results,
but none were as consistent as molybdenum disulphide and therefore
were not pursued as systems for operational use.

1.2 In a significant development that appears to have been overlooked at the
time, Haque and co-workers developed an alternative ‘small particle
suspension’ based on iron oxide (Fe3O4) in 1989, and stated that this
gave better results than the molybdenum disulphide-based small particle
reagent in terms of sensitivity and contrast [2]. The new formulation was
also noted to work on wetted surfaces, and to enhance further marks
previously developed by powdering. This formulation does not appear to
have entered widespread use for non-porous surfaces and was not
developed further.

1.3 In the mid-1990s similar formulations were developed by researchers at
the National Identification Centre, Tokyo Metropolitan Police, who were
investigating simple methods for developing fingerprints deposited on the
adhesive side of tapes [3]. This was noted by an American police officer
on secondment in Japan and after experimentation with black powder
suspensions he contacted the Lightning Powder Company, which
developed the ‘Sticky-Side Powder’ product now sold commercially,
consisting of a pre-mixed powder that was blended with Kodak Photoflo
surfactant and distilled water. The resulting suspension was painted on
to the adhesive side of tapes, then washed off using running water to
reveal developed marks.

1.4 The new Sticky-Side Powder system was compared with techniques in
general use for adhesive tapes in 1996, primarily basic violet 3 [4]. The
powder suspension formulation was found to perform better than basic
violet 3, in particular on marks known to be eccrine in nature. Several
researchers began to investigate alternative powder suspension
formulations, looking at the combination of commercial powders with
surfactant/water mixtures. Bratton and Gregus [5,6] looked at Lightning
Black Powder with Liquinox surfactant and reported it to give better
results than Sticky-Side Powder, noting that the revised formulation
reduced the occurrence of background staining that sometimes obscured
marks with Sticky-Side Powder. Kimble [7] studied a wider range of
powders, including grey and coloured systems, with Photoflo surfactant
and water in different ratios. It was concluded that other powders could
be used and a formulation incorporating a grey powder was proposed for
black adhesive tapes. Other workers also investigated formulations for
black adhesive tapes, Parisi [8] testing ‘Pink Wop’ fluorescent powder
and a white fingerprint powder with Liquinox and Photoflo, and Martin [9]
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1.5

1.6

1.7

1.8

looking at an ash grey powder with Photoflo. White powder in Liquinox
and ash grey powder in Photoflo both gave suspensions that developed
good quality fingerprints. Further testing of these revised powder
suspension formulations against basic violet 3 continued to indicate that
powder suspensions were the more effective single process for these
surfaces [10].

The Police Scientific Development Branch (PSDB) began experimenting
with powder suspensions for development of fingerprints on adhesive
tapes in the late 1990s [11]. An initial assessment was carried out on the
original Sticky-Side Powder formulation, characterising the base powder
by electron microscopy and looking at optimised formulations. It was
found that the base powder consisted of fine (~1um) particles of iron
oxide interspersed with larger (10-20um diameter) flakes of aluminium.
A range of other powder suspension formulations were investigated, with
two ultimately being recommended for further research. A black powder
suspension based on precipitated, magnetic iron oxide was proposed,
together with a white powder suspension based on titanium dioxide
powder. Both formulations utilised Photoflo as the surfactant. These
formulations were trialled against Sticky-Side Powder, where the black
formulation was shown to give superior results.

The black iron oxide-based formulation was then compared in
effectiveness with two other treatments for the adhesive side of tapes,
basic violet 3 and superglue followed by dyeing with basic yellow 40 [12].
In these trials powder suspension gave closely equivalent results to
superglue, with the contrast of developed marks being slightly better.
Basic Violet 3 was found less effective than either powder suspension or
superglue, in accordance with previous observations.

Other researchers also concluded that titanium dioxide was the optimum
particulate for white powder suspension formulations. Wade [13] used a
commercially available white small particle reagent formulation based on
titanium dioxide as a starting point, and demonstrated that improved
performance was obtained by concentrating the solution and adding
Photoflo. Alternative formulations based on different grades of titanium
dioxide were investigated and it was observed that better results were
obtained using the rutile, rather than anatase, form of titanium dioxide.
Williams and Elliot [14] also looked at modifying white small particle
reagent with Photoflo and studied different application methods including
spraying, immersion, dipping, painting and pouring. It was concluded that
the best development could be obtained by immersion and this method
also reduced the risk of over-development but was also the most time-
consuming.

Until the mid-2000s, development of fingerprints on adhesive surfaces
was the sole application considered for powder suspensions. In 2004,
Auld [15] carried out an investigation into the effectiveness of various
fingerprint development techniques for detecting marks on motor
vehicles, including vehicles that had been wetted. He compared
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1.9

powdering, superglue, small particle reagent and Sticky-Side Powder,
and found that Sticky-Side Powder was the most effective treatment for
several scenarios, in particular where cars had been wetted at some
stage prior to fingerprint development.

Around the same time, Strathclyde Police had begun to investigate the
use of black and white powder suspensions for the treatment of articles
recovered from arson scenes, the treatment both removing soot deposits
and developing marks [16].

1.10 These observations resulted in further experimentation on non-porous

surfaces, both by police forces on operational casework and by HOSDB
in laboratory trials [17]. The HOSDB studies sought to establish the
relative effectiveness of the black powder suspension technique on a
range of different surfaces and the position of powder suspensions in
sequential processing. It was soon apparent that superglue and powder
suspensions are mutually exclusive processes and if one is applied the
other cannot be used afterwards. An equivalent study was subsequently
carried out for white powder suspensions on dark, non-porous surfaces,
which came to similar conclusions, although white powder suspension
was found to be less effective than black powder suspension overall [18].
Operationally, police forces applied powder suspensions either at crime
scenes after powdering, or in the laboratory as a replacement for
superglue on articles likely to have been wetted or contaminated
(cowlings, number plates, drugs packaging). In both cases additional
marks were found or recovery rates increased.

HOSDB also continued the assessment of powder suspensions for use
on adhesive tapes, comparing the formulations developed in earlier work
[11] with a range of commercially available powder suspensions. For the
white powder suspension [19] it was found that the original HOSDB
formulation gave marginally better results and this was used in a
subsequent operational trial. For black powder suspensions it was
discovered that commercial formulations based on carbon out-performed
the HOSDB iron oxide-based formulation and work therefore focused on
developing a non-proprietary carbon-based formulation [20]. It was not
possible to identify a formulation giving equivalent or improved
performance over the commercial systems and therefore commercial,
carbon-based systems were included in operational trials. The results
from these trials showed that carbon-based, black powder suspensions
are the most effective process for the adhesive side of light coloured
tapes, whereas for dark tapes superglue/basic yellow 40 is more
effective, and white powder suspensions are only recommended for this
application if it is known that the article has been wetted.

1.12 Subsequent work both at HOSDB and in operational police laboratories

has continued to explore the range of surfaces for which powder
suspensions can be used. Recent research has shown that they can be
applied to plastic bags [21], semi-porous surfaces [22] and are one of the
most effective processes for surfaces contaminated with drugs [23]. It is
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anticipated that current (2011) advice regarding the treatment of such
surfaces will be updated in due course.

2. Theory

2.1

2.2

The exact mechanism for development of marks using powder
suspensions is unknown, and studies by CAST to establish which factors
are most important are continuing. However, it is thought that the
development process is very similar to that for small particle reagent,
where the micelles are formed around the particles by the surfactant.
Some component or property of the latent fingerprint destabilises these
micelles, causing the particulates to deposit preferentially on the
fingerprint ridges.

Scanning electron micrograph of fingerprint developed using black
powder suspensions on clear adhesive tape, showing particles deposited
on fingerprint ridges but not on background.

Powder suspension formulations contain far higher concentrations of
powder than small particle reagent and this may account for some
differences in behaviour noted between the two processes.

3. CAST processes

3.1

Powder suspensions have recently (December 2009) been incorporated
into the CAST Manual of Fingerprint Development Techniques [24] in
Charts 1, 2, 5 and 7, and it is likely that they will be incorporated into
other charts as research progresses.
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3.2 There are three slightly different powder suspensions recommended for
operational use, these being outlined below.

3.3 Black powder suspension for use on the adhesive side of adhesive tapes
(carbon-based): Commercially available, pre-mixed carbon-based
powder suspensions, either Kjell Carlsson Wet Powder (Black) or Armor
Forensics/Forensics Source WetWop™ (Black).

3.4 Black powder suspension for use on light, non-porous surfaces (iron
oxide-based): Weigh 20g precipitated magnetic iron oxide (Fe304/Fez03)
into a glass beaker, add 20mL of a pre-mixed 1:1 solution of Kodak
Photoflo 200 and distilled water and stir with a brush to form a paste [25].

3.5 White powder suspension for use on dark, non-porous surfaces and
wetted dark adhesive tapes (titanium dioxide-based): Commercially
available, pre-mixed titanium dioxide-based powder suspensions, either
Kjell Carlsson Wet Powder (White) or Armor Forensics WetWop ™
(White).

3.6 The ratio of powder to surfactant/distilled water mixture recommended in
the CAST formulations for application to adhesive tapes have been
determined by laboratory tests [11]. If there is excess surfactant/water
present, a thinner suspension is produced, which does develop marks
although these are significantly fainter than those obtained with optimum
formulations. If there is insufficient surfactant/water present, the
suspensions do not flow and clumps of powder may be left behind on the
tape.

3.7 For use on non-porous surfaces, it has been observed that the powder
suspension can be diluted from the thicker paste applied to adhesive
tapes and can still give effective results.

3.8 The role of the detergent in the formulation is to form micelles around the
fine particulates and stabilise the suspension against indiscriminate
precipitation over the entire surface. The CAST formulations utilise
Photoflo, but the commercial formulations may contain other surfactant
systems.

4. Critical issues

4.1 Performance of powder suspensions is often critically controlled by the
particle size and the shape of the materials concerned which can vary
widely with methods of preparation. Use of other generic sources of what
is nominally the same chemical may result in very different results and
batch testing is recommended.

- 182 - v1.0



Fingerprint Source Book — Chapter 3: Finger mark development techniques within scope of ISO 17025

5. Application

5.1 Suitable surfaces: The full range of application areas for powder

suspensions are still being explored, but it is likely that they will be
recommended for use in the following circumstances.

On the adhesive side of light coloured, polymer backed adhesive
tapes.

On non-porous surfaces where it is thought that the surface has
been wetted or exposed to high humidity environments.

On non-porous surfaces where powder or particulate
contamination (e.g. soot or drugs residues) is present on the
surface.

On non-porous surfaces where there is a surface layer of oily
contamination present.

On some ‘semi-porous’ surfaces.

In a sequential treatment process after powders at a scene of
crime and in laboratories.

As a final treatment after blood dyes on non-porous surfaces.

5.2 Powder suspensions are applied to the surface of interest using a soft
brush, ensuring that the brush is well loaded with the suspension mixture
to avoid damage that could be caused to the fingerprint by a dry brush
and to avoid ‘streakiness’ in background development. The suspension
should be stirred to achieve a paint-like consistency and painted onto the
surface, left in situ for 10-15 seconds and then washed off using running
water (either from a tap, hose or wash bottle). The temperature of the
wash water has not been found to be important.

5.3 Prints can become over-developed if the suspension is left on the
surface too long because the suspension starts to dry and fills in ridges.
Powder suspensions can also be reapplied, if necessary. There is also
evidence to suggest that the different types of powder suspension can be
applied in sequence and still develop additional marks.

5.4 The process is suited to application both in a laboratory and at scenes of
crime, none of the constituents posing a significant health and safety
issue. However, the process is messy to apply and the implications for
cleaning of the scene should be considered before application.

6. Alternative formulations and processes

6.1 The initial formulation proposed for powder suspensions [2] was iron
oxide mixed with Brij 35 and choline chloride surfactant, diluted with
distilled water. This does not appear to have been widely adopted and
has not been evaluated by CAST, although the current (2011)
formulations are actually similar in nature.
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6.2

6.3

The first formulation proposed for adhesive tapes was Sticky-Side
Powder, consisting of Sticky-Side Powder (a mixture of iron oxide
particles and aluminium flakes) mixed with a 1:1 blend of Photoflo and
water, added until a thin paint consistency was achieved. Soon after this
an alternative formulation was proposed that used 20g of Lightning Black
Powder as the particulate, mixed with 20g Liquinox surfactant and 40mL
of distilled water.

PSDB evaluated both of these formulations in comparative trials with
many different types of particulate fillers in powder suspensions. In the
initial investigation of an optimum formulation for the treatment of
adhesive tapes [11], the range of powders below were tested in
combination with Photoflo surfactant as candidate black powder
suspensions.
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Powder sample Specific gravity Particle size Manufacturer/

supplier
FesO4 5.18 > 10um BDH Chemicals
Fes04 5.18 > 5um Sigma — Aldrich
FesO,— magnetic/ | 5.18 > 1um Fisher Chemicals
precipitated Ltd
Fe,Os;—red, 5.24 > 5um BDH Chemicals
precipitated
Fe powder - 9 — 110um -
Lightning Black ~1.8 >1 um Lightning Powder
Powder (aggregates up to Company

40um)

Lightning Magnetic | - Range from 1— Lightning Powder
Black Powder 30um Company
Cobalt (11, 111) oxide | 6.11 > 1um Sigma — Aldrich
K9 — Black 1.7-1.9 > 1um (aggregates | K9 Scene of Crime
Fingerprint Powder up to 150um) Ltd
K9 — Black ~1.8 > 1um (aggregates | K9 Scene of Crime
Magnetic Powder up to 150um) Ltd
K9 — Jet Black ~5.18 > 1um (aggregates | K9 Scene of Crime
Magnetic Powder up to 150um) Ltd
K9 — Magneta 7.8 - K9 Scene of Crime
Flake Ltd
K9 — Gold Powder | 8.5 - K9 Scene of Crime

Ltd
K9 — Grey ~2.7 - K9 Scene of Crime
Magnetic Powder Ltd
Dactyl Black ~2 > 1-24um Speciform
Fingerprint Powder
Copper (Il) oxide 6.315 — Sigma — Aldrich
Activated Charcoal | ~2 — BDH Chemicals
Graphite Powder ~2.09-2.23 - Sigma — Aldrich
Graphite Powder ~2.09-2.23 - Sigma — Aldrich
(synthetic)
Molybdenum 4.80 - -
disulphide
Manganese - - Sigma — Aldrich
disulphide
Vanadium (lII) 4.87 - Sigma — Aldrich
oxide

Particulates investigated by the Police Scientific Development Branch as
the basis for black powder suspensions for adhesive tapes.

6.4 Of these, the precipitated magnetic Fe;O4 powder proved most effective
(out-performing both formulations originally proposed for adhesive tapes
in the literature) and was therefore used in the CAST formulation initially
proposed for adhesive tapes. This formulation was subsequently found
to give excellent results on non-porous surfaces.
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6.5

6.6

Commercial, pre-mixed black powder suspensions have recently (post
2004) become available, including Wet Powder — Black (Kjell Carlsson)
and WetWop™ — Black (Armor Forensics). An initial assessment of
these formulations indicated that they were probably based on a
powdered graphitic material.

Scanning electron micrograph of particulates from commercial carbon-
based powder suspension.

It was established by comparative trials that carbon-based black powder
suspensions were superior to iron oxide-based formulations on all types
of adhesive tapes, and therefore a more in-depth assessment was
carried out on carbon particulates. This focused on graphitic powders
although several other forms of carbon were also investigated [20], as
outlined in the table below.
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Powder Particle size Manufacturer/supplier
Coke FC800 0.8mm TIMREX
Graphite T800 0.71mm TIMREX
Graphite 150um Fisher Chemicals Ltd
Activated charcoal 50—150um Sigma — Aldrich
Swedish black powder | 95um BVDA

Natural graphite 75um GTC

Synthetic graphite 53um GTC

Graphite powder 50um VWR

Activated charcoal 40um Sigma — Aldrich
KS44 44um TIMREX

HSAG 300 AE-109 32um Timcal
Graphite 20um Sigma — Aldrich
Micronised graphite 10um GTC

Graphite KS6 7um TIMREX
Dispersion LB1300 7um TIMREX
Activated carbon 0.8um Sigma — Aldrich
Monarch 280 carbon 0.41um Cabot Carbon
black

Carbon nanopowder 0.3um -

Vulcan VXC 72R 0.3um Cabot Carbon
Mogul L 0.24um Cabot Carbon

Carbon powders evaluated as constituents for non-proprietary carbon
powder suspension formulation.

6.7 Several surfactants were also evaluated in this study, including:

¢  Photoflo;
e Aerosol OT;
* Liquinox.

6.8  For white powder suspensions, white powders with relatively high
density and a spherical shape were researched [11]. Of these, initial
trials indicated that zirconium oxide and titanium dioxide gave the best
results, with titanium dioxide giving marks of higher contrast. Further
studies therefore focused on optimising the titanium dioxide

formulation.

6.9 A range of commercial white powder suspensions have also become
available, including Wet Powder — White (Kjell Carlsson), WetWop™ —
White (Armor Forensics/Forensics Source) and Adhesive Side Powder —
Light (Sirchie). These have all been evaluated against the original CAST
formulation on adhesive tapes [19] and found to give closely equivalent
performance. A comparative trial on non-porous surfaces [18] found that
for the limited range of surfaces evaluated there was little significant
difference between any of the commercial formulations and the CAST
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adhesive tapes formulation, and the white powder suspensions can be
used interchangeably.

6.10 Various nanopowders were also been evaluated by HOSDB in 2007
(including aluminium, magnesium, titanium, tin, yttrium, iron, zirconium,
copper, neodymium, tungsten, lanthanum, terbium, ytterbium, and
bismuth oxides, carbon, and silicon carbide) [20]. Many of these failed to
develop fingerprints when used in suspensions, but of those that did the
best were found to be iron oxide, titanium dioxide and carbon (the same
constituents as used in existing formulations), but none gave better
results than the formulations outlined in the CAST processes section
above.

7. Post-treatments

7.1 Marks developed using powder suspensions can be lifted once dry in the
same way as marks developed using small particle reagent, using either
adhesive tape or gelatine lifts.

8. Validation and operational experience

8.1 The operational experience of powder suspensions must take into
account two primary applications — their use on adhesive tapes and their
use on non-porous surfaces. There is a greater background knowledge
regarding the effectiveness of powder suspensions on adhesive tapes,
although the application of powder suspensions to other non-porous
surfaces is becoming more widespread.

8.2 Laboratory trials

8.2.1Initial laboratory comparisons on adhesive tapes were carried out at
PSDB in 2000 between basic violet 3, iron oxide-based black powder
suspension and superglue, with over 1,600 prints being evaluated for
each process [12]. In these trials superglue and iron oxide-based black
powder suspension gave the best results and were very similar in
performance, but powder suspension marks had better contrast. An
equivalent trial was carried out using titanium oxide-based white powder
suspension, superglue and basic violet 3 (imaged via fluorescence and
via the transfer technique). The results were closely equivalent to those
observed for light tapes, with white powder suspension and superglue
being closely equivalent in performance and both better than basic violet
3. The powder suspension again showed better contrast for developed
marks.

8.2.2During these trials it was observed that some tapes exhibited extensive
background staining when treated with iron oxide-based powder
suspensions whereas others did not. It was established by infrared (IR)
spectroscopy that tapes using rubber-based adhesives did not
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background stain while those with acrylic-based adhesives did. This
resulted in the initial recommendation that a spot test be carried out to
see whether background staining occurred prior to selecting a treatment
[25]. However, it was subsequently noted that there were differences
between powder suspensions, not all staining the background of acrylic
tapes. It was established that the suspensions that did not stain the
background contained carbon instead of iron oxide particulate, and a
comparison of the relative effective of iron oxide- and carbon-based
black powder suspension (WetWop™, Wet Powder Black) was carried
out on both rubber and acrylic adhesive tapes. This trial looked at 300
half prints over a range of acrylic tapes and 480 half prints over a range
of rubber tapes.

Comparison of the effectiveness of powder suspensions on
different types of adhesive tape
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& 100 B Rubber
€ 80
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38
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Iron oxide powder Iron oxide powder  Wet Powder WetWop
(1) (2) Black

Process

Results of comparative trials using different black powder suspensions
on adhesive tapes.

8.2.3These trials demonstrated that Wet Powder — Black gave the best overall
performance, with both carbon powder formulations working on acrylic
and rubber-based adhesives. Background staining of acrylic-based
adhesive tapes by iron oxide powder suspension formulation was again
observed.
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a) b)

Development of marks on adhesive tapes, a) acrylic-based adhesive
tape showing background staining by iron oxide-based powder
suspension applied to left half, no background staining from carbon-
based powder suspension applied to right half b) rubber-based adhesive
tape showing no background staining from iron oxide-based powder
suspension applied to left half or carbon-based powder suspension
applied to right half

8.2.4A similar comparison has been conducted for white powder suspensions
on tapes. An initial investigation [19] compared the HOSDB formulation
against the following commercially available products:

*  Wet Powder — White (Kjell Carlsson);
* WetWop™ — White (Armor Forensics);
* Adhesive Side Powder — Light (Sirchie).

8.2.5The results of these studies are summarised in the table below, but in
general all formulations gave similar results, with the HOSDB formulation
marginally better. Some differences were observed between the level of
background staining, but in general all marks were clearly visible against
the background. Approximately 14,400 marks were examined in this
study.
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Mark grade | Sirchie Wet Powder | WetWop Stan Chem
(HOSDB)

0 2.30% 1.63% 0.95% 1.51%

1 7.86% 6.83% 5.99% 4.09%

2 10.52% 13.63% 13.29% 11.88%

3 17.34% 21.79% 22.22% 20.79%

4 61.98% 56.13% 57.54% 61.73%

3s and 4s 79.33% 77.92% 79.76% 82.53%

Results of laboratory compatrative trials for different white powder
suspensions.

Comparison of fingerprint and background development using a) Home
Office Scientific Development Branch formulation (left) and Sirchie
Adhesive Side Powder (right) on black tapes.

8.2.6Work on non-porous surfaces commenced with an initial assessment of

the number of additional marks developed (or enhanced) by subsequent
chemical processing after powdering. Several different processes were
studied, including solvent black 3, small particle reagent, superglue and
basic red 14 dye, and both white and black powder suspension
(formulations, as published by HOSDB)[25]. The results of this exercise
are illustrated below and clearly demonstrated that there were potential
advantages in applying powder suspensions after powdering.
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Various Textured Surfaces previously powdered with Ali, Magneta Flake, Black Magnetic and Black
Granular

% increase from0-1t02,3 &4

Sudan Black 3 SPR BPS WPS SG and BR14
[m% 5 | 6.35 | 42.41 | 15.48 | 18.33
Process

Results obtained by applying a secondary fingerprint development
process (SPR = small particle reagent, BPS = black powder suspension,
WPS = white powder suspension, SG and BR14 = superglue dyed with
basic red 14) in sequence after powdering.

8.2.7This prompted a further, in-depth study of the application of powder
suspensions and alternative processes, both singly and in sequence
[17]. It was soon established that carbon-based black powder
suspensions were comparatively ineffective and studies therefore
focused on the iron oxide-based black powder suspension formulation
instead.
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b)

Black powder suspensions applied to a smooth, non-porous surface a)
iron oxide-based formulations and b) commercial carbon-based

formulation.

8.2.8The study examined 37,560 marks deposited on 23 different smooth and
textured non-porous (and in some cases semi-porous) surfaces
representative of those that may be encountered at crime scenes,
including ceramic tiles, melamine, painted metal, and uPVC, summarised
below together with an outline of the number of marks deposited.

-193 -

v1.0



Fingerprint Source Book — Chapter 3: Finger mark development techniques within scope of ISO 17025

General surface
classification

Specific description and designation

Smooth, non-porous

S1 Ceramic tile

S2a Smooth wood effect laminate

S2b Shiny, striped laminate

S2c Beige laminate

S3a White painted metal

S3b Red painted metal

S4 Glass

S5 Perspex

S6 Polyethylene

S7 Polypropylene

Rough, non-porous

R1 Textured ceramic tile

R2a Cream textured laminate

R2b Wood effect laminate

R2c Granite effect laminate

R2d Grey textured laminate

R2e Beige textured laminate

R3 Textured painted metal

R4 Fake leather texture laminated aluminium

R5 Varnished wood

Other

O1 uPVC

O2a Silk emulsion painted plasterboard

0O2b Kitchen/bathroom painted plasterboard

O3 Textured vinyl wallpapered plasterboard

Description of the surfaces used in the comparative study between
various sequences of superglue, powders and powder suspensions

Surface | Number | Number | Number | Number | Number | Number of
of in of of of ages | fingerprints
donors | depletion | repeats | panels
S1 40 12 5 50 3 4,800
S2a 35 10 5 50 3 3,500
S2b 14 10 2 20 2 1,400
S2c 7 10 1 8 2 560
S3a 14 10 2 20 2 1,400
S3b 28 10 4 44 3 3,080
S4 14 10 2 16 2 1,120
S5 14 10 2 20 2 1,400
S6 14 10 2 20 2 1,400
S7 14 10 2 20 2 1,400
R1 35 10 5 50 3 3,500
R2a 35 10 5 50 3 3,500
R2b 7 10 1 8 2 560
R2c 7 10 1 8 2 560
R2d 7 10 1 8 2 560
R2e 7 10 1 8 2 560
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R3 21 10 3 32 3 2,240
R4 14 10 2 20 2 1,400
R5 7 10 1 10 2 700
o1 7 10 1 8 2 560
O2a 7 10 1 12 2 840
O2b 14 10 2 24 3 1,680
03 7 10 1 12 2 840
TOTAL 37,560

8.2.9The conclusions were that in many cases the powder-powder

Summary of the experiments carried out in the comparative study and

the total number of marks used.

suspension sequence was more effective than superglue and dyeing and
powder suspensions are clearly a highly effective process. Typical
results from some of the surfaces used in the study are illustrated below.
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Typical results obtained comparing the effectiveness of powder

Powder/Fe-
based PS

Superglue

1 week

Sequence of processes at number of weeks between placing prints and carrying out processes

Powder/
superglue

Fe-based PS

Powder/Fe- Superglue
based PS

3 weeks

OFe PS
@ Superglue
O Powder

Powder/
superglue

suspensions, powders and superglue as single treatments and in
sequence on a smooth surface.
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a) b)

Enhancement of a mark on a smooth painted surface a) after application
of aluminium powder and b) improvement obtained by subsequent
treatment with black powder suspension.

Total of fingerprints developed on textured cream laminate

140 -
120
100 -

80

OFePS
B Superglue
O Powder

60 -

40 1

Number of fingerprints graded 3 and 4

20 A

Fe-based PS

Powder/Fe-
based PS

Powder/
superglue

Superglue Fe-based PS

Powder/Fe-
based PS

Superglue Powder/

superglue

1 week

3 weeks

q of pr at ber of weeks b lacing prints and carrying out processes

Typical results obtained comparing the effectiveness of powder
suspensions, powders and superglue as single treatments and in
sequence on a textured surface.
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a)

b)

Enhancement of a mark on a textured surface a) after application of
black magnetic powder and b) improvement obtained by subsequent
treatment with black powder suspension.

8.2.10 The overall trends on all surfaces examined are summarised in the

table below.
Surface Best process/sequence
Fresh marks (1 day) Older marks (> 1 week)
Superglue + | Powders + | Superglue + | Powders +
dye powder dye powder
suspensions suspensions
S1 X X
S2a X X
S2b X
S2c X X
S3a X
S3b X X
S4 X
S5 X
S6 = =
S7 X
R1 X X
R2a X X
R2b X X
R2c X X
R2d X X
R2e X X
R3 X X
R4 X
R5 X X
01 X X
0O2a
02b X X
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| 03

| X

X |

Best optimum processing process/sequence for different ages of mark across
all surfaces studied.

8.2.11 A similar study was conducted with white powder suspensions on dark
surfaces to enable firm recommendations to be made [18]. In this study
the following surfaces were examined.

General surface
classification

Specific description and designation

Smooth, non-porous

S1 Grey PVC

S2 Black polypropylene

laminate

S3 Dark brown wood effect melamine

S4 Black gloss painted metal

S5 Dark blue ceramic tile

S6 Black compressed polystyrene

Rough, non-porous

R1 Mottled grey kitchen worktop melamine

aluminium

R2 Black ‘fake leather’ laminate on

R3 Black polythene

R4 Black matt painted metal

R5 Black textured compressed polystyrene

Description of the surfaces used in the comparative study between
various sequences of superglue, powders and powder suspensions on
dark surfaces.

8.2.12 In this study, 21 donors placed depletion series of 10 marks on each of
the 11 different surfaces studied. The experiment looked at marks that
were 1 week and 3 weeks old, giving a total number of 4,620 graded
marks. The purpose of the experiment was to determine the optimum
processing sequence, assuming that powders would always be the first
process used. White powder suspensions and superglue + basic yellow
40 were compared in terms of their effectiveness as secondary
treatments. A summary of the trends observed in the data across all
surfaces studied is given below.

Surface Best process/sequence
1-week-old marks Older marks (> 1 week)
Powders + Powders + Powders + Powders +
superglue/dye powder superglue/dye powder
suspensions suspensions
S1 X X
S2 X X
S3 X X
S4 X X
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S5 X X
S6 X X
R1 X X
R2 X X
R3 X X
R4 X X
R5 X X

Best optimum processing process/sequence for different ages of marks
across all surfaces studied.

8.2.13 It was observed that the white powder suspensions were less effective

than black powder suspensions in developing marks on non-porous
surfaces. On smooth, dark surfaces, powders followed by white powder
suspensions give closely equivalent performance to powders followed
by superglue and both sequences can be recommended with equal
weighting. On rougher, dark surfaces the sequence of powders
followed by superglue gives better results and would be the sequence
of choice, unless it is known that the surface has been wetted.

8.2.14 Comparative work has also been carried out to establish the

effectiveness of powder suspensions on wetted non-porous surfaces
[26, 27]. The results indicated that on certain wetted surfaces powder
suspensions may be more effective than vacuum metal deposition [27].
Slight differences were also observed between the effectiveness of
different formulations of powder suspension [26].

8.3 Pseudo-operational trials and operational experience

8.3.1Initial operational trials have been carried out to compare the

effectiveness of basic violet 3 with black powder suspensions on the
adhesive side of tapes. The results of these trials are summarised in
Chapter 3.2 Basic violet 3, and demonstrate that powder suspensions
are the more effective process. However, superglue is also known to be
a highly effective treatment for adhesive tapes. A subsequent operational
trial commenced comparing iron oxide-based black powder suspensions
with the superglue process, looking at marks developed on both
adhesive and non-adhesive sides of the tape.

8.3.2Based on the results obtained using carbon-based black powder

suspensions, this operational trial was modified to include a commercial
carbon-based formulation in addition to the iron oxide-based formulation.
The trial results are recorded below.
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Process Cases | Number of positive results (cases) %
positive
Non- Adhesive | Both Total
adhesive
Superglue/basic 59 9 13 1 23 39
yellow 40
Iron oxide 45 1 15 1 17 38
powder
suspension
Carbon powder 33 1 14 1 16 48
suspension

Operational trial results for different processes on light coloured adhesive
tapes.

8.3.3It can be seen that carbon-based black powder suspensions were found
to be the most effective process for the adhesive side of tapes, and were
therefore recommended for operational use.

8.3.4The HOSDB white powder formulation was then used in an operational
trial, comparing results with those obtained using superglue and dyeing.
The trial results are summarised below.

Process Cases | Number of positive results (cases) %
positive
Non- | Adhesive | Both Total
adhesive

Superglue/basic 33 1 11 1 13 40
yellow 40

White powder 39 1 11 2 14 36
suspension

Operational trial results for different processes on dark coloured
adhesive tapes.

8.3.5Superglue was found to be the more effective process on operational
casework and white powder suspensions were not ultimately
recommended for use on adhesive tapes, except in circumstances where
dark tapes had become wetted.

8.3.6Most recently, CAST has conducted a repeat of the pseudo-operational
trial on plastic bags last conducted in 1986. In this trial, 100 bags and
plastic packaging materials from different sources (e.g. supermarket
carrier bags, ‘bags for life’, black bin bags, clear magazine wrappings)
were collected from as realistic environments as possible. Each bag was
divided into quarters, with each quarter being examined using a different
fluorescence examination regime followed by a separate sequence of
chemical treatments [21]. The number of marks developed using each
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process was recorded. The results from the fluorescence examination
stage in the trial have already been included in Chapter 2.2
Fluorescence examination. Iron oxide-based powder suspension was
included as a chemical treatment in these trials, both as an initial process
and as a secondary treatment subsequent to vacuum metal deposition

(VMD).

8.3.7The results of these trials for the first 50 bags are summarised below:

* Process route A = VMD —superglue — basic violet 3;

* Process route B = VMD —powder suspension — basic violet 3;
* Process route C = powder suspension — basic violet 3;
* Process route D = superglue — basic violet 3.

Basic
Basic violet 3/

Process 2nd violet 3/ 577nm
route 1st process | process visible laser
A 67 71 14 1
B 97 15 1 0
C 181 3 3
D 153 12 3

Summary of the marks developed on plastic bags after each stage of
sequential processing routes.

Number of grade 2 fingerprints recovered (added value only
after initial process)
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A

B

C
Process route

D

Graphical representation of the data summarised in the table above (light
grey = VMD, dark grey = powder suspension, yellow = superglue + basic
yellow 40, purple = basic violet 3 (visible), red = basic violet 3

(fluorescence with 577nm laser).
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8.3.8For the second 50 bags, the poorly performing process route B (VMD —
powder suspensions — basic violet 3 route) was replaced by superglue —
VMD - basic violet 3. The results from these studies are summarised

below.

Basic violet 3/

Basic violet 3/

Process route | 1st process | 2nd process visible 577nm laser
A 62 148 10 6
B 177 30 12 3
C 197 5 3
D 194 12 6

Summary of the marks developed on plastic bags after each stage of
sequential processing routes.

Bags 51-100: results for process routes A-D (added benefit only
beyond initial process)

250

N N N

o a =]

] o ]
L L

No. of grade 2 fingermarks

Process route

Graphical representation of the data summarised in the table above (light
grey = VMD, dark grey = powder suspension, yellow = superglue + basic
yellow 40, purple = basic violet 3 (visible), red = basic violet 3

(fluorescence with 577nm laser).

8.3.9Powder suspensions performed well in these trials, giving equivalent, if
not better, performance than any other single process. However, the
superglue/VMD sequence gave the best results and it is this sequence
that would be recommended, unless the bag is known to have been
wetted. For wetted bags, the powder suspensions process is the main
process recommended.

8.3.10 Many police forces have been using both black and white powder
suspensions operationally in advance of the update to the Manual of
Fingerprint Development Techniques [24], both in a laboratory as a
replacement for superglue on items that may have been wetted
(cowlings, car number plates) or contaminated (drugs wraps), and at

-202 -

v1.0



Fingerprint Source Book — Chapter 3: Finger mark development techniques within scope of ISO 17025

8.3.1

8.3.1

scenes after the application of powders. Results are still being collected
but significant increases in the number of marks being developed are
reported.

1 Powder suspensions have also been successfully used to develop
marks on items recovered from arson scenes by more than one police
force, in accordance with observations during CAST studies [28].
Laboratory tests have indicated that it may also be the best treatment for
situations where cars have been sprayed with WD40 to destroy
fingerprints [29].

2 It is clear that powder suspensions are a highly effective process for
non-porous surfaces, give superior results to small particle reagent and
may supersede superglue in some applications. CAST studies are
continuing to establish the optimum position for the techniques within the
full range of sequential processing charts.
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3.8 Small particle reagent

1. History

1.1 Small particle reagent (SPR) was first formulated in the mid-1970s by
researchers at the Atomic Weapons Research Establishment (AWRE),
Aldermaston, under a Police Scientific Development Branch (PSDB)
contract. The objective of the contract was to devise a cheaper
alternative to what was then termed surfactant ‘stabilised physical
developer (SPD)’ (now known simply as physical developer) [1,2]. At the
time, SPD was being investigated for the development of latent
fingerprints on a range of surfaces, including plastics and paper,
although it was recognised that the technique worked best on paper
samples.

1.2 The SPD system was found to work by the deposition of silver particles,
in the presence of a cationic surfactant, onto the surface being treated.
Studies into this system showed that finely divided silver particles could
also be used to develop latent fingerprints when prepared as a
suspension, and that this behaviour was not exhibited when the
suspension was dispersed in water alone, prompting studies into fine
particle suspensions. This work indicated that the presence of the
surfactant was essential if fingerprints were to be developed, and
subsequent studies investigated a range of formulations incorporating
different powders and surfactants. It was found that formulations
containing powders with small particles of about 1um suspended in a
fluid at concentrations of between 1 and 109I'1 were effective [2,3,4,5].
The generic name given to these systems was ‘surfactant controlled
SPR’ and a provisional patent application covering such reagents was
filed by Morris and Wells in 1976. A more comprehensive study of
powders, surfactants and methods of application then followed [2,5].

1.3 Initial experiments showed that good results could be obtained using
dish development with molybdenum disulphide (MoS3) particulate and
this was used as a control against which formulations based on
alternative powders could be assessed [2,7]. These experiments
identified the best performing powders as cobalt oxide(Co203), lead
oxide (PbO3), MoS;, graphite and the pigment Monastral Blue (copper
phthalocyanine), although for some of these there was a large batch-to-
batch and supplier-to-supplier variation. In this respect MoS, was found
to be the most consistent in performance across all batches tested. It
was also found that all ‘ionic’ types of surfactant evaluated gave good
results, but that poor results were obtained when the surfactant molecule
has a ‘tail’ of fewer than eight carbon atoms (Cs) [2]. On the basis of
these studies, a combination of Tergitol 7 and choline chloride was
selected as the surfactant solution, although it was subsequently found
that the latter constituent was unnecessary and it was omitted from the
SPR formulation initially recommended for operational use.
Subsequently, Tergitol 7 (3,9 diethyl-6-tridecanol hydrogen sulphate
sodium salt) became unavailable because of the harmful impact it could
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have on the environment, and a revised formulation was developed by
the Home Office Scientific Research and Development Branch (HO
SRDB) based on Aerosol OT (AOT) surfactant. It is this formulation that
is recommended for use in the UK to the present day (2011).

1.4 SPR dish development was trialled operationally against vacuum metal
deposition (VMD) for the development of marks on polythene bags [8].
This trial indicated that although SPR was not as effective as VMD for
this type of surface, it was far more effective than powdering and the
technique was recommended for operational use on non-porous
surfaces and wetted items because it was recognised that few police
forces had access to VMD.

1.5 Work by the Home Office Central Research Establishment (HO CRE) in
the early 1980 suggested that spraying of SPR was an effective method
for cars which were wet and could not be dried, and for other exterior
wetted surfaces such as windows and window frames. SPR was found to
be capable of developing marks on surfaces exposed to the outside
environment for prolonged periods of time, e.g. window glass. SPR was
found to detect marks that had not been developed during aluminium
powdering [9], although the presence of excess quantities of aluminium
powder on the surface were found to inhibit SPR [10]. Operational trials
using SPR alone on wetted surfaces, and surfaces that were still wet,
demonstrated that the technique was effective in such circumstances
[10] and it was subsequently recommended for operational use.
However, it is recognised that spray application of SPR is less effective
than dish development, and that use at crime scenes should be
restricted to surfaces that cannot be recovered to a laboratory. It
remained the principal treatment for fixed outdoor surfaces that are
known to have been wetted until the recent development of powder
suspensions in 2009.

2. Theory

2.1 The mechanism by which SPR is thought to develop fingerprints is
shown schematically in the illustrations below.
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Schematic illustration of the small particle reagent process a) stable
micelles formed around particles of molybdenum disulphide b)
destabilisation of micelles by fingerprint constituents leading to particles
settling on ridges and c) dried mark, leaving particles adhering to ridges.

2.2 The fine MoS; particles detect high molecular weight constituents and so
adhere to the oily and fatty components of latent fingerprints by reaction
between the fatty components present and the hydrophobic tails of the
surfactant forming micelles around the particles. These tails are linked to
a hydrophilic head, which reacts with metal salt to give a black
precipitate, hence making the fingerprint visible.

3. CAST processes

3.1 The process recommended by CAST is first to prepare a concentrated
solution by mixing 7.5mL of 10% AOT (also known by its chemical name
dioctyl sulfosuccinate, sodium salt) solution with 500mL of tap water,
then add 50g of MoS, powder. It may be difficult practically to prepare a
10% solution of AOT, and therefore the 10% solution should be
attempted as the starting point and small quantities of water added until
all solids are dissolved. This concentrated solution is then further diluted
according to the development process being used. If the dish
development SPR process is required, 4.5 litres of water are added to
the concentrate and if the SPR is to be used for spray development 3
litres of water should be added.

3.2 The role of the AOT surfactant is to control the deposition of suspended
particles onto fingerprint ridges in preference to the background surface.
The surfactant will form micelles around the suspended particles and
although the nature (anionic, cationic, non-ionic) of the surfactant is not
critical there are properties that were found to be favourable in surfactant
selection:

* it must be suitably soluble to achieve the optimum working
concentration;

* the ‘tail’ of the surfactant should have an open carbon atom chain with
no fewer than Cg, with the optimum number of carbon atoms in the
chain being between12 and 17.

AOT meets both these criteria.

3.3 The concentration of AOT used is again not critical but must be
controlled to be below the critical micelle concentration (CMC), the
optimum being between one-third and one times of the CMC. The
concentration used in both CAST formulations falls within these limits. If
AOT concentration is below this limit, deposition of MoS; on the
background surface increases and the definition of ridge detail is
reduced, while at higher concentrations the clarity of the print diminishes
and at best only a very faint outline of the print is observed. At these high
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concentrations little general deposition takes place, signifying that
micelle formation blocks the process of deposition, perhaps by providing
a more attractive species for adsorption on the fingerprint deposit.

3.4 The role of the MoS; is to deposit preferentially on the fingerprint ridges
and aid the visualisation of the mark. Several different materials can be
used in this role, but in general the best results were obtained with
materials with a density of ~4 gcm™ and a layer lattice structure, both of
which apply to MoS;,. There must be a sufficient quantity of MoS in
suspension for the particles to adhere to the fingerprint ridges and give a
clear print. However, if the quantity is too great the powder also adheres
to the background, giving background staining and smudging the
developed ridges. The quantity used in the CAST formulation is sufficient
to give good development without background staining.

3.5 Uniform wetting of the powder by the AOT surfactant is difficult to
achieve if the powder is directly added to the working concentration
solution of surfactant, so the MoS; should be added to a concentration
greater than the CMC and after dispersion, diluted to the working
concentration.

4. Critical issues

4.1 There are no critical issues relating to the application of SPR. The
formulation is tolerant of changes in water content and made up
solutions will keep indefinitely. In very cold weather additions of ethanol
may be required for the spray application method to work effectively.

5. Application

5.1 Suitable surfaces: SPR is suitable for use on non-porous surfaces, such
as plastic bags, glass bottles, waxed paper and other waxy items, such
as candles. It can be used on expanded polystyrene items such as
drinking cups. It will still develop marks on surfaces that have been wet,
but is not suitable for heavily contaminated surfaces.

5.2 SPR s a process recommended for use on non-porous articles that have
been wetted. Because the process targets the insoluble lipid components
of fingerprint residues, immersion in water or exposure to rain will in
many cases leave sufficient deposits for SPR to continue to develop
marks. It is not as sensitive as VMD for this type of exhibit, but for the
majority of police forces that do not have VMD equipment, SPR was until
2009 the only option for non-porous articles known to have been wetted.
Tests have indicated that SPR may still develop additional marks if used
in sequence before powder suspensions on wetted non-porous surfaces.

5.3 The two application techniques recommended for operational use are
dish development and spray application. The dish development
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technique can be applied to non-porous surfaces, such as plastic bags
and packaging materials, waxed and plastic-coated paper, small gloss
painted or glass articles and expanded polystyrene articles, such as
drinking cups and ceiling tiles. Such items are difficult to treat with
superglue, where uptake of the fluorescent dye by the expanded polymer
makes any marks developed very difficult to visualise.

Fingerprints developed on expanded polystyrene tile using small particle
reagent.

A tray or tank of sufficient size for the article being processed should be
filled with sufficient working solution to enable the article to be
submerged 50mm below the surface. The working solution is then stirred
to ensure all powder is in suspension before submerging the article with
the surface of interest facing upwards. The article is then kept
submerged and stationary for 30 seconds while the MoS particles come
out of suspension and settle evenly over the object. For small, complex
shaped articles the article may be placed in a dish and the working
solution poured over it from a beaker. The article is then removed
carefully from the dish and the uniform grey deposit carefully washed off
by placing the surface of interest face downwards into a second dish of
water and agitating it gently. The article should then be dried at room
temperature. The dish development technique limits the size of the
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5.5

5.6

article that can be treated in the laboratory, but for use at scenes a
formulation for spray application has been developed.

Spray application may be carried out on all non-porous surfaces, but it is
recommended for objects that are outside, awkwardly shaped, large or
immovable. Although wet or damp articles can be processed, when
treating articles outside, the area being treated needs to be sheltered
from direct rainfall.

For spray application, a simple, commercially available garden spray unit
is used. The nozzle of the unit should be set to give a conical, fine spray
and the filter unit removed to prevent it clogging. The working solution
should be shaken to give an even particulate distribution and the area to
be processed should be sprayed liberally, starting at the top edge and
working down towards the bottom. As the liquid runs down the surface
fingerprints may begin to become visible and spraying should be
continued just above the relevant area until there is no more build up of
the grey deposit. A second spray unit filled with water is then sprayed
above the developed fingerprints before they have dried, allowing the
flowing water to carry away excess particles. Prints should not be directly
sprayed with water as this may damage them. In cold weather, 200ml of
ethano