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Introduction

Design

Forensic Foundations International Proficiency Tests are designed to address the following points:
* Relevance to forensic science laboratories
+ Limitation of any potential context information
* The end-to-end forensic process
+ Knowledge of the ‘ground truth’ of samples
* Importance of consistency between tests
» Cost affordability for the laboratories

In addition to this exercise being a test of laboratory procedures using controlled items, we also
anticipate that it will enable participants to evaluate the quality of their analytical results against
those from other laboratories and observe how other laboratories express their opinions or
advice for their clients. To enable this, we requested that participants submit the following:

¢ An outline of the methodology used; and

e Their opinion in the format that they would provide to the court.

Forensic Foundations International Proficiency Tests are designed to test the end-to-end forensic
examination process. The AS 5388 and the ISO 21043 series of Standards describe the forensic
examination process from collection to

reporting. This figure' illustrates the Forensic Science Standards
inter-relatedness of all steps in this [_ L \ [
process and was used as the basis of K NG Na———
the Australian Standards’ development. 4% — i
The figure is also used as the basis of - e
the development of Forensic cotecsonsiandord [l 2t [l Ieroriton T Reporin

Foundations International Proficiency

= Recognition *  Continuity *  Observation *  Format
TeStS ) = Preservation *  Recording = Results +  Method
* Recording » Sampling *  Caleulations *  Results
+ Collection *  Presumptive * Interpretation |+  Opinions
.. *  Packaging *  Analysis *  Verification *  Conclusions
Thus, all proficiency tests commence : Toesport rgtmede, | |1 ke .} Wekwocs

with item collection and/or receipt and
includes all the subsequent examination / analysis steps, culminating in the reporting of results,
the process therefore reflects actual forensic casework.

Individual laboratory results remain confidential.

The Final Report of this 2022-CC3 Paint Analysis round of Proficiency Tests is publicly available
via the Forensic Foundations International web site. Participating laboratories may use the report
as outlined in their respective laboratory policies. Any request to review and/or appeal the
evaluation of a laboratory’s performance should be made via the agency responsible for the
distribution of the test or directly to Forensic Foundations International.

1James Robertson, Karl Kent & Linzi Wilson-Wilde (2013) The Development of a Core Forensic Standards Framework for Australia, Forensic

Science Policy & Management: An International Journal, 4:3-4, 59-67
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2022-CC3 Paint Analysis

The aim of this test was to review the end-to-end forensic examination, analysis, and reporting
process. Thus, in addition to interpreting and reporting the results, testing of generic issues such
as sample receipt, triage, and continuity of items for examination formed part of the overall
process.

In order to minimise contextual bias in the interpretation, the information relating to the ‘offence’
was minimal.

This test provided a mechanism for participating laboratories to review their results and those of
other laboratories to facilitate?43:
¢ An evaluation and appraisal of their performance including:
o comparison of a facility’s performance with other facilities
o monitoring of a facility’s long-term performance
e Continuous improvement including:
o staff education, training, and competence monitoring
o evaluation of methods, including the establishment of method precision and
accuracy
o contribution to a facility’s overall risk management process

e Corrective action (where required)
e Confidence building with interested parties (e.g., customers, accreditation bodies,
regulators, specifiers).

This proficiency test was distributed to two participants and both laboratories submitted responses
for this round of testing.

The participants were provided with a total of four (4) pots containing paint flakes. One (1) pot
containing unknown debris collected from the victim’s bicycle and three (3) control samples taken
from suspects’ vehicles.

The paint test items were placed into small plastic pots then sealed into labelled tamper evident
bags.

Disclaimer:

The data contained in this report and any observations made are based on the material
provided by the participants; however, it is understood that the laboratories may hold
additional material which supported the findings reached.

213017025 (2017) General requirements for the competency of testing and calibration laboratories.

3 NATA (2021) General Accreditation Criteria Proficiency Testing Policy
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Laboratory Response

Continuity, receipt, and description of items

As the receipt and chain of custody for items, subject to forensic examination and analysis, is
significant to the final outcome, information pertaining to receipt, continuity and a description of the
items formed part of this test.

Laboratories were requested to provide information with respect to the continuity, receipt, and
description of each of the items received using a supplied proforma table. This would normally
facilitate both consistent responses and the collation and comparison of responses.

Laboratories were also requested to respond to each statement in the ‘Comments’ column.

The submitting laboratories provided the following information regarding the packaging, labelling
and samples as received for examination and testing.

Item Q1
33585 91171
Submission to the Yes The sample was delivered by courier with waybill
laboratory undertaken number 8350558930.
correctly, in accordance Samples were received according to laboratory
with laboratory procedures, and sample ledgers were prepared and
procedures experiments were performed.
Sample description Yes The incident scenario described in the documents
corresponds to enclosed in the envelope is as follows.
accompanying A fatal hit and run occurred. Automotive paint flakes
paperwork were recovered from the scene. Participants will be
provided with the paint flakes and samples collected
from a number of suspect vehicles
Q1 - foreign paint chips recovered from the victim’s
bicycle.

Security seals intact Yes Inside the.yellow envelopg, a transparent security
envelope is enclosed. Inside the transparent
envelope is a plastic case. The samples are
numbered on the plastic case. The sample is
contained in a plastic case.

ltem fully described in Yes On the transparent envelope, it is written where the

case notes sample was taken.

Q1-“Paint chips recovered from bicycle”

There are 2 paint chips inside the plastic case.
ltem recorded by means No Th.e laboratory atltached an image of the tamper
of photography evident bag received.

Description of any
deviations from the )
expected
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Items K1, K2 & K3

33585

91171

Submission to the
laboratory undertaken

correctly, in accordance

with laboratory
procedures

Yes

The sample was delivered by courier with wayobill
number 8350558930.

Samples were received according to laboratory
procedures, and sample ledgers were prepared and
experiments were performed.

Sample description
corresponds to
accompanying
paperwork

Yes

The incident scenario described in the documents
enclosed in the envelope is as follows.

A fatal hit and run occurred. Automotive paint flakes
were recovered from the scene. Participants will be
provided with the paint flakes and samples collected
from a number of suspect vehicles

K1 — samples of paint taken from suspect 1’s vehicle
(505XPV)

K2 — samples of paint taken from suspect 2’s vehicle
(HR91L4)

K3 — samples of paint taken from suspect 3’s vehicle
(WRS173)

Security seals intact

Yes

Inside the yellow envelope, a transparent security
envelope is enclosed. Inside the transparent
envelope is a plastic case. The samples are
numbered on the plastic case. The sample is
contained in a plastic case.

Item fully described in
case notes

Yes

On the transparent envelope, it is written where the
sample was taken.

K1-“Sample of paint taken from vehicle 505XPV”
K2-“Sample of paint taken from vehicle HR91L4”
K3-“Sample of paint taken from vehicle WRS173”
Each clear envelope contains one sample paint chip
inside a plastic case.

Item recorded by means
of photography

No

The laboratory attached images of the three tamper
evident bags received.

Description of any
deviations from the
expected

Forensic Foundations International comments

No deviations from the expected where noted and none were reported. Laboratory 91171 provided

descriptions of what they received in detail and attached images where they had recorded the

items via photography.

Laboratory 33585 answered the questions yes/no with no further comments.
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Examination / Analysis

Laboratories were requested to provide information with respect to the Examination and Analysis
using a supplied proforma table.

A range of optical, physical and chemical tests were included in the proforma table to minimize the
possibility of the contents being used for guidance (i.e. these were the type of tests expected to be
performed) and contextual bias.

The submitting laboratories examined / tested the samples using the following tests:

| 33585 | 91171

Optical
Dark Y Transmitted light/bright
field/brightfield | (Q1,K1 | field used for comparison
microscopy & K3) of pigments for those

paint which were not

differentiated by infrared

spectroscopy
Polarized light | Y Used for comparison of
microscopy (Q1,K1 | pigments for those paint

& K3) which were not

differentiated by infrared

spectroscopy
Optical Y Two stereomicroscopies Y Q1 is indistinguishable from
microscopy used for preliminary paint K1, K2 and K3.

examination: observation

of cross-sections of paint

(manually cross-section)

in order to determined

number, sequence

thickness and colour of

each layer of each paint,

as well as for observation

of pigments through

clearcoat (reflected light)
Physical
Thickness Y Comparison of microscopic

images of manual cross-

section paints

(stereomicroscopy,

reflected light)
Colour Y Colour were compared

through stereomicroscopy
Chemical
Electron Y (Q1, | Used for those samples Y (Clear coat) Q1 is
microscopy K1 and | which were not indistinguishable from K1, K2
with energy K3) differentiated by infrared and K3.
dispersive X- spectroscopy
ray
spectrometry
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Infrared Y Mandatory method for all Y (Clear coat) Q1 and K2 show
Spectroscopy paints different spectra. There is no
difference between Q1, K1 and
K3. (Dark grey) Q1 is
indistinguishable from K1, K2
and K3.

GC-MS Y Q1 is indistinguishable from
K1, K2 and K3.

Both laboratories provided extensive details with respect to examination / analysis.

Laboratory 33585 described their process for examination, beginning with microscopy with details
regarding the purpose of the examination. They then undertook infra-red spectroscopy and
concluded testing with SEM/EDX for samples Q1, K1 and K3, which were determined not to be
differentiated using infra-red spectrometry.

Laboratory 91171 gave a detailed response and included images to show the differences they
found. The order of testing was:

e Scanning Electron Microscopy with Energy Dispersive X-Ray Microanalysis

e -Infrared Spectroscopy

e -Pyrolysis GC-MS

Images or traces were attached for each method.

Forensic Foundations International comments:

Each participating laboratory carried out a sequence of observational and analytical tests
appropriate for forensic paint comparison. However, laboratory 91171 did not carry out analysis of
individual layers between the electrocoat and the clearcoat. In this test that approach did not have
any consequences as the basis of the discrimination was the clearcoat composition. In casework
this may limit the differentiation between paint samples that this laboratory can achieve.
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Results

Participants were requested to submit a collation of their results in free text form.

Both participating laboratories correctly established that Q1, K1 and K3 could not be distinguished.
The submitting laboratories provided the following results:

33585:

Based on FTIR examination sample K2 was significantly different from Q1, K1, and K3.
Differences were detected for clearcoat and basecoat. Based on FTIR results K1 and K3 was not
differentiated from Q1.

Based on SEM/EDX result samples Q1, K1 and K3 could not be differentiated. Elemental
composition for each layer was the same and it confirmed the results for inorganic compounds
identified by FTIR results.

Observation pigments with polarisation or in transmitted light/bright field do not allow on
differentiation samples Q1, K1 and K3.

91171:

1. Visual/Microscopic: Q1 is indistinguishable from K1, K2 and K3.

2. SEM/EDS (Clear coat (1)): Q1 and K1, K2, K3 cannot be distinguished.

3 FT-IR (Clear coat(1)): Q1 and K2 show different spectra. There is no difference between
Q1, K1 and K3.

4. FT-IR (Dark grey (4)): Q1 and K1, K2, K3 cannot be distinguished.

5 Py-GC-MS: Q1 and K1, K2, K3 cannot be distinguished.

As a result of appearance, SEM/EDS analysis, FT-IR spectral pattern, and pyrolysis
chromatogram analysis, Q1, K1, and K3 have similar constituent materials and are
indistinguishable.

As a result of SEM/EDS analysis, unlike Q1, K2 has a rough surface of the top clear coat and FT-
IR spectrum of the clear coat is different from Q1.

Forensic Foundations International comments:

Laboratory 91171

This participant correctly differentiated the test items that came from different sources and did not
differentiate those items that originated from the same source.

Laboratory 91171 did not acquire infra-red spectral data for the silver basecoat; in this trial the
basecoats for Q1 and K2 could also be differentiated using infra-red spectrometry even though
exactly the same basecoats were present in Q1 and K2. This is because the two different
clearcoats were applied to a wet basecoat, which allowed some mixing of topcoats and basecoats.
SEM-EDS was carried out by this participant, but it was only applied to the clearcoat, which did not
contain any heavy elements upon which a comparison could be based.

Laboratory 91171 carried out pyrolysis GC-MS analysis of a 4 layer intact specimen rather than
analysis of individual layers. This laboratory did not detect any differences between the samples;
pyrolysis GC-MS analysis of just the clearcoat should have provided discrimination between Q1
and K2 that would support the conclusions arrived at using infra-red spectrometry.
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Laboratory 33585

This participant correctly differentiated the test items that came from different sources and did not
differentiate those items that originated from the same source.

Laboratory 33585 correctly differentiated the clearcoats and the basecoats in Q1 and K2 using
infra-red spectrometry and correctly determined that one paint was urethane cross-linked and the
other was melamine cross-linked.

Using SEM-EDS this participant correctly determined that aluminium flakes were present in the
silver basecoats.

Both participants provided examination data relating to the primer and basecoat, despite the
indication that the compositions of these layers were to be ignored.

Interpretation and Conclusions

The submitting laboratories provided the following interpretations and conclusions in wording used
in a court report:

33585:

Metallic grey paint chips recovered from the victim’s bicycle (Q1) do not possess the same layer
structure and chemical composition as metallic grey paint (K2 samples) taken from suspect 2’s
vehicle (HR91L4). Therefore, it does not show association with vehicle from which K2 sample was
taken.

Based on applied methods metallic grey paint chips recovered from the victim’s bicycle (Q1) were
not differentiated from metallic grey paints taken from suspect 1’s vehicle (505XPV) — K1 nor
suspect 3’s vehicle (WRS173) — K3. Therefore based on physicochemical analysis it cannot be
stated from which vehicle they can originate K1 or K2. It should be also mentioned that automotive
paints are a mass product. Therefore Q1 samples may originate from any vehicle which have the
same chemical composition and structure like Q1 sample.

91171:

Analysis shows that the paints of Q1 and the suspect vehicles K1 and K3 are similar and
consistent in their observed and measured physical properties and/or chemical composition. It has
the potential to have come from the same source. The paint on the suspect vehicles K1 and K3
are indistinguishable from each other. Therefore, the paint Q1 taken from the bike may have
originated from either the Suspect 1 (K1, 505XPV) or Suspect 3 (K3, WRS173) vehicles.

Forensic Foundations International’ comments

Laboratory 91171 and 33585 provided fair, balanced and succinct ‘Interpretation and Conclusions’
sections.
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APPENDIX A

eXAMINATION REQUEST | EASTERN AUSTRALIAN
AND ITEM SUBMISSION POLICE SERVICE

OFFENCE: Hit and run

DATE OF OFFENCE Sunday 31% July 2022

BRIEF STATEMENT OF FACTS

A fatal hit and run occurred. Automotive paint flakes were recovered from the scene.
Participants will be provided with the paint flakes and samples collected from a number
of suspect vehicles

ITEM SUBMITTED FOR EXAMINATION

Q1 — foreign paint chips recovered from the victim’s bicycle.

K1 — samples of paint taken from suspect 1’s vehicle (505XPV)
K2 — samples of paint taken from suspect 2’s vehicle (HR91L4)
K3 — samples of paint taken from suspect 3’s vehicle (WRS173)

EXAMINATION
REQUESTED

Police request an examination to establish whether there is any association between
the paint chips and paint located on metal samples taken from the panel of the suspect
vehicles.

An expert’s report for investigational purposes is requested.

We suggest you ignore the composition of the primer and any electrocoat you may find.
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PROFICIENCYTESTING@FORENSICFOUNDATIONS
2022-CC3 PAINT — CHEMICAL CRIMINALISTICS

MANUFACTURER’S INFORMATION

Issued 13t January 2023
Updated with further information 15t February 2023

Introduction

The test was designed to replicate the paint analysis required during the investigation of a hit and
run.

Scenario

A fatal hit and run occurred. Automotive paint flakes were recovered from the scene. Participants
were provided with the following paint flakes and samples collected from the victim’s bicycle and a
number of suspect vehicles.

Q1 — foreign paint chips recovered from the victim’s bicycle.

K1 — samples of paint taken from suspect 1’s vehicle (505XPV)
K2 — samples of paint taken from suspect 2’s vehicle (HR91L4)
K3 — samples of paint taken from suspect 3’s vehicle (WRS173)

Aim

The aim of the program is to assess the laboratories’ end-to-end forensic processes including
receipt, chain of custody, examination and analysis of paint flakes, and assess the significance of
their findings in comparison to known control samples of paint.

Program design and assessment

The test was designed, coordinated and assessed by Forensic Foundations.

Test production

The tests were produced at facilities at PPG Industries, Forensic Foundations and Flinders’
University.

Sample Production
450x300mm sheets of electrocoated steel from the same source were used in the
preparation of all painted panels.




Panel 2 construction:

Two electrocoated steel sheets were machine-applied with a standard PPG Australia formulation
FORD Primer (30-40um build) and baked at 140°C for 30min.

A standard PPG FORD solvent-based silver basecoat (Lightning Strike) was then machine-
applied (15-25um build), force air-dried for 10min at 80°C, then coated with PPG standard Ford
Australia 2K clear coat (30-50um) and finally baked at 80°C for 30min. In effect, the clear coat was
applied wet-on-wet, despite the airdry at 80°C.

The primer was a polyurethane-modified polyester with butylated melamine cross-linker.

The silver basecoat was a cellulose acetate butyrate-polyester resin with butylated melamine
cross-linker.

The clear coat was a hydroxy-functionalized acrylic resin using isocyanate cross-linker. Additional
details are not available for this formulation.

Panel 3 construction:

Two electrocoated steel sheets (identical to those used in Panel 2) were machine-applied with the
same standard PPG Australia formulation FORD Primer (30-40um build) as used for Panel 2 and
baked at 140°C for 30min.

A standard PPG FORD solvent-based silver basecoat (Lightning Strike) was then machine-
applied (15-25um build) then coated with PPG standard Ford Australia solvent-based, melamine
cross-linked clear coat (30-50um) and finally baked at 140°C for 30min.

The clear coat was applied wet-on-wet.

The primer was a polyurethane-modified polyester with butylated melamine cross-linker.

The silver basecoat was a cellulose acetate butyrate-polyester resin with butylated melamine
cross-linker.

The clear coat is a HEMA and butylated melamine cross-linked acrylic with hindered amine light
stabilizer and benzotriazole UV absorber.

The paint manufacturer did not provide any information as to the exact pigments present in any of
the paint layers on any of the , panels. The electrocoat, primer, and silver basecoat all contain
inorganic compounds as well as binders — the clearcoats did not contain any inorganic
compounds.

SEM-EDS showed that the only inorganic substance of note present in the silver basecoats is
aluminium flakes.

Participants were instructed to not examine the primer and electrocoat layers. As both participants
did examine these layers, some data as to their compositions are provided here.

SEM-EDS showed the presence of Al, Si, and Ti with a low level of Ca in the primer; it is LIKELY
that the primer contains titanium dioxide, kaolin, and calcite.

SEM-EDS showed the electrocoat contained Ti, Ba, S, Al, Si with a trace of Ca. From EDS it is
LIKELY that the electrocoat contains titanium dioxide, kaolin, barium sulphate and calcite.

CONSTRUCTION OF TEST ITEMS

Iltem Q1 — foreign paint chips recovered from the victim’s bicycle. This Item was prepared by
bending a piece of Panel 2 until the entire coating (including electrocoat) flaked off. Two pieces of
coating were provided to participants.

Iltem K1 — samples of paint taken from suspect 1’s vehicle. This Iltem was prepared by bending a
piece of Panel 2 until the entire coating (including electrocoat) flaked off. One large piece was
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provided to participants.

Iltem K2 — samples of paint taken from suspect 2’s vehicle. This Iltem was prepared by bending a
piece of Panel 3 until the entire coating (including electrocoat) flaked off. One large piece was
provided to participants.

Item K3 — samples of paint taken from suspect 3’s vehicle. This Iltem was prepared by bending a
piece of Panel 2 until the entire coating (including electrocoat) flaked off. One large piece was
provided to participants.

All test items were sealed into labelled tamper evident bags.

The major source of error during production included failure to provide sufficient samples of
examinable paint fragments and mix up of paint samples during set up.

The paint fragments are stable and no use by date was provided.

The major source of error by the participant would be failure to correctly analyze the
paint samples via incorrect testing methods or sample mix-up.

END OF DOCUMENT
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2022-CC3 Paint Analysis Feedback

Forensic Foundations International prides itself in providing flexible fit-for-purpose forensic
programs. The manufacture, distribution and assessment and reporting of this test has provi
and will provide the basis for continuous improvement for both Forensic Foundations and the
forensic laboratories. To this end we would appreciate your comments to assist us to improv:
tests.

Please tick the appropriate box and make any relevant comments.
You can also complete this form at www.forensicfoundations.com.au/feedback

> (<)) > O
@ ] o 2
£ e s > £ :
o ()] o 3 :
B < < a %A
1. Thg_test was too basic for our 0 - - 0 [
facility
2. Th.e samples supplied were 0 - B 0 L
suitable
3. The. results r.e.quwed were not 0 - - 0 L
outlined sufficiently
4, The; final repo.rt provided 0 - - 0 [
suitable detail
5. The tests involved should be 0 - B 0 [

more challenging

Pag




Please comment briefly on the following:

1. Are there additional aspects which could be included in the
test?
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FOUNDATIONS™

ISO 9001 & ISO/IEC 17043

Forensic Foundations International’ Proficiency Tests are required to be fit-for purpose.
To assist us to provide the relevant tests, please use the following form to suggest further

tests for development. You can also complete this form at

https://www.forensicfoundations.com.au/proficiency-testing/proficiency-test-development/

Recommendation for Proficiency Test development

Contact

Name

Email

Phone

Discipline/ subdiscipline

Specific issues(s) to be addressed*.
Note: The tests can be designed to be
multidisciplinary.

Suggested technical advisor (if known)

Suggested manufacturer (if known)

*  All Proficiency Tests will include the end to end process (receipt & continuity, triage,
description, examination, analysis, data generation, interpretation, reporting) but one

aspect may be of particular interest/focus.

This form can be emailed to quality@ffint.com.au or you can discuss your suggestions

on either 03 9018 8919 or 0429 966 012.
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