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Remark on confidentiality

This report and all results pertaining to the GSR2020 proficiency test must be treated as confidential
unless they are presented and discussed in the annual meeting of the ENFSI Working Group
"Firearms/GSR" and/or published by the Advisory Board. In particular, this means that any publication
or communication of data, even in excerpts, relating to the results of the proficiency test must first be
authorised by the Organisation Panel and the Advisory Board.
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1 Introduction

The GSR2020 proficiency test for the detection and identification of gunshot residue (GSR) particles
by means of Scanning Electron Microscopy coupled with Energy Dispersive X-ray Spectroscopy
(SEM/EDS) was conducted on behalf of the ENFSI Working Group "Firearms/GSR". Its design was
elaborated on the basis of the combined experience gathered from all GSR PT rounds performed
since 2003. As in previous years, QuoData GmbH was responsible for the organization and statistical
evaluation of GSR2020 on behalf of the ENFSI Expert Working Group “Firearms/GSR”.

Specially prepared identical test samples were sent to the participating laboratories, who were
instructed to determine the total number of PbSbBa particles on the test sample. Each laboratory was
instructed to apply its own laboratory-specific method/SOP for the automated detection and
identification of GSR particles by SEM/EDS.

This report provides the laboratory results of GSR2020 and summarizes the results of the assessment
of laboratory performance. In addition, these results are compared to those from previous GSR PT

rounds.
2 Description of the proficiency test

2.1 Participating laboratories

In total, 61 laboratories participated in this proficiency test. Among them were 41 European
laboratories from 18 different countries and 20 laboratories from 15 non-European countries. The

participating laboratories are listed Appendix A.1 (p. 16).

In order to ensure the required level of confidentiality, lab codes were assigned.

2.2 Test material

2.21 Preparation

The test material was designed according to the requirements of the Organisation Panel/Advisory
Board and produced by the company PLANO GmbH in Wetzlar, Germany. The test items for the
GSR2020 proficiency test consisted of specially prepared, identical samples in accordance with
ISO 17043 [3]. For each of these samples, a total number of 153 ‘synthetic GSR particles’ with the
composition PbSbBa were deposited onto a glassy carbon substrate (size 8 x 8 mm?). The total
number of PbSbBa particles on the surface of the glassy carbon substrate may be higher (so-called
etch-resist particles), but the production process ensures a fixed number of 153 ‘regular PbSbBa

particles at known locations.

The total number of deposited PbSbBa particles, their size and their location on the sample were well
defined. Three different sample layouts were used during sample production, each with its own
arrangement for the 153 PbSbBa particles (wafers labelled ENFSI GSR-2020 A, ENFSI GSR-2020 B
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and ENFSI GSR-2020 C, respectively). Finally, the samples were coated with a thin carbon layer to
prevent charging and a quality check by SEM/EDS was performed.

In summary, Table 2-1 lists the total number of PbSbBa particles deposited on the test material used

for the study.

Table 2-1:  Number of regular particles deposited on the three different samples used in this study

Total number Number of PbSbBa particles with a diameter of
Sample description | of PbSbBa

particles 20pm 1.5pm 1.25pym 1.0pym 0.75puym 0.5 pm

--ENFSI GSR PT-- A
--ENFSI GSR PT-- B 153 24 27 25 28 26 23
--ENFSI GSR PT-- C

2.2.2 Homogeneity and stability

Homogeneity and stability testing of test samples was conducted in an ISO 17025 [13] accredited
ENFSI laboratory (Bundeskriminalamt (BKA), Germany).

A total of 25 samples (corresponding to 25 x 153 = 3825 synthetic GSR particles) were randomly
selected for the homogeneity test. There was 1 missing synthetic GSR particle. No significant particle-
size effect on the failure rate in the deposition of the synthetic GSR particles was observed.
Accordingly, it was possible to assume that all particle sizes are subject to the same failure rate. A
mean failure rate of 0.03 % (1/3825) was calculated, with an upper 99 % confidence limit of 0.17 %.
This means that the probability of 2 failures or more among the 153 synthetic particles on a given

sample is less than 0.08 %.

Prior to conducting the GSR2020 PT round, the following preliminary analysis was carried out. On the
basis of the GSR2019 detection capability curve, the occurrence of 2 failures on one sample would
translate as an approximate increase of 0.057 um in the 90 % detection capability. This value can be
considered an overestimate of the heterogeneity standard deviation. Following ISO 13528 [4], and
using the standard deviation for proficiency assessment (SDPA) from GSR2019, the heterogeneity
standard deviation must not exceed 0.3 x 0.196 ym = 0.0587 ym. Since the overestimate for the
difference in 90 % detection capability is less than the maximum admissible value for the
heterogeneity standard deviation, it was concluded that sample homogeneity is acceptable for
GSR2020.

Once the results for GSR2020 had been submitted, it was possible to carry out the following analysis
of homogeneity. Based on the parameters of the overall detection curve from the GSR2020 PT round,
a simulation was carried out, in which variability between the runs was governed by the 0.03 % failure
rate. The resulting standard deviation was calculated as 0.006 uym. Following ISO 13528 [4], and using
the standard deviation for proficiency assessment (SDPA) from GSR2020, the heterogeneity standard
deviation must not exceed 0.3 x 0.226 ym = 0.068 um. Accordingly, it is concluded that sample

homogeneity is indeed acceptable for GSR2020.
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The prepared test samples were shown to be stable for at least the duration of GSR2020 — provided

they are handled with care.

2.3 Organization

Test samples were distributed to the participating laboratories by QuoData GmbH. The samples, along
with a sample description and instructions relating to the performance of the analytical examination,
were sent to the 61 laboratories that had definitely confirmed their participation in the PT and had
accepted the conditions for participation.

The measurement results were sent to QuoData GmbH, where a preliminary plausibility check of the
data was performed. Individual reports were prepared in cooperation with the members of the Advisory
Board. The final timeline of GSR2020 — due to the COVID-19 pandemic, adjustments of the timeline

had been necessary — is provided in Table 2-2.

Table 2-2:  Timeline of the GSR2020 proficiency test
Date Action Responsibility
31 May 2020 Deadline for registration Laboratories register with QuoData GmbH

12 June 2020

31 July 2020

4 September 2020

12 September 2020

25 September 2020

30 November 2020

Deadline for payment

Sample dispatch

Deadline for uploading test
results

Activation of the GSR QC
analysis tool

Cross checking submitted data

Dispatch of final report and
certificates

QuoData GmbH sends invoices and checks
incoming payments

QuoData GmbH sends the samples to the
participants

Participants upload test results

QuoData GmbH sends login data and activates the
GSR QC analysis tool

Using the GSR QC analysis tool, participants
check submitted data

QuoData GmbH sends final reports and
certificates

2.4 Analytical procedures

The participants were instructed to detect and identify particles according to their standard parameter
settings for automated GSR detection with SEM/EDS. An area of at least 6 x 6 mm? of the glassy
carbon chip had to be scanned for particles, and the XY coordinates and size of each detected particle
had to be reported (see Appendix A.2, p. 18). This should include not only PbSbBa particles, but also

all other relevant particle classes. The search area was defined by four markers.
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3 Assessment of laboratory performance

3.1 Data basis

A total of 61 laboratories registered for GSR2020. Out of these 61 laboratories, one had to be
excluded from the evaluation, as manual instead of automatic detection was applied (laboratory #61),
and two laboratories were not able to submit data within the prescribed time frame due to general
technical problems (laboratories #30 and #56). Accordingly, 58 laboratories were included in the

statistical evaluation.

3.2 Data pre-processing

Prior to the statistical evaluation, it was necessary to identify and discard double-counts (i.e. particles

counted more than once) and ‘non-regular’ (etch-resist) PbSbBa particles from the submitted raw data.

All correctly detected ‘regular PbSbBa particles were displayed in an XY-plot and these preliminary
individual reports were sent to the participating laboratories in order to allow them to cross-check their
results. Each laboratory was given an opportunity to send possible objections or complaints to the
Organisation Panel or to the Advisory Board whenever a problem occurred. These objections or

complaints were taken into consideration.

The final results, i.e. the number of correctly detected PbSbBa particles, then formed the basis for the
data evaluation and data assessment. The final results of all participants are summarized in
Appendix A.3 (p. 24).

3.3 Detection capability

3.3.1 Definition

The detection capability is defined as the probability that a GSR particle with a given size will be
detected and correctly identified. The detection capability curve plots the detection capability against
particle size. It is assumed that (1) the detection capability increases with increasing particle size — i.e.
the greater the particle the greater the detection capability and (2) the shape of the detection capability
curve can be modelled with a 3-parameter sigmoid curve. The three parameters describe the

saturation, the slope and the particle size at which a detection capability of 50 % is achieved.

3.3.2 Estimation

The three parameters were estimated using Maximum Likelihood estimation. The uncertainty of the
detection capability curve and of the 90 % detection capability were determined by means of a
parametric Bootstrap method [12]. For this purpose, the detection capability curve was simulated

10,000 times. From the simulation results, 95 % confidence intervals were determined.
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3.3.3 Overall detection capability curve

In order to determine the overall detection capability, the 3-parameter model was fitted to all laboratory
data. Based on the mean performance of the 58 laboratories whose data were taken into account in
the evaluation, the following parameter estimates were obtained: saturation = 99 %, slope =-3.61 and
50 % detection capability = 0.46 um. The resulting curve is shown in Figure 3-1. On the basis of this
overall curve, it was possible to determine the overall 90 % detection capability as 0.88 um. This value
can be interpreted as follows: for a randomly selected laboratory, successful detection and
identification will occur with 90 % or greater probability for particle sizes of at least 0.88 ym. The
uncertainty interval (95 % confidence interval) of this overall 90 % detection capability was calculated

as 0.70-1.02 um. This range is displayed in Figure 3-1 as a light blue vertical band.

100%

90% - & Mean performance

Overall detection

80% - capability curve

95 % confidence limits
of overall curve

70%

90 % detection
capability

Detection capability

60% -

95 % confidence interval
99% for 90 % detection capability

1+ Diameter \ ~3.61
0.46 um

50% -~ ) -
Detection capability =

40% q | . .
0.0 0.5 1.0 1.5 2.0 25
Particle size [um]

Figure 3-1: Overall detection capability curve and 90 % detection capability for the GSR2020 study

The following Figure 3-2 shows the overall detection capability curve of the GSR2020 proficiency test
along with those of the four previous GSR PT rounds. Assessed in terms of the 90 % detection
capability, the overall performance in GSR2020 is roughly average. The overall detection capability for
PbBaSb particles with a diameter of 1 ym is 93.2 % in the GSR2020 study — meaning that around 93
out of 100 “1 uym particles” can be expected to be successfully detected and identifed. In the
GSR2019, the overall detection capability for 1 um particles was similar with 95.1 %; in the GSR2017
and GSR2018 studies the overall detection capability for 1 um particles was 89.2 %; in the GSR2016
study it was 92.1 %.
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Figure 3-2: Overall detection capability curves (solid curves) and the corresponding 90 % detection
capability values (dashed vertical lines) for the GSR2020, GSR2019, GSR2018, GSR2017 and
GSR2016 PT rounds

3.3.4 Individual laboratory detection capability

The relationship between particle size and detection capability was also calculated separately for each
individual laboratory. In particular, the 90 % detection capability, i.e. the particle size at which a 90 %
probability of successful detection and identification is achieved, was calculated separately for each
individual laboratory. For laboratories with a 90 % detection capability greater than (i.e. worse than)
2.0 ym, an upper value of 2.0 ym was assigned, while for laboratories with a value less than (i.e.
better than) 0.5 ym, a lower value of 0.5 ym was assigned. The 90 % detection capability for each

laboratory can be found in Appendix A.5 in Table A-5-5.

The performance of the individual laboratories in detecting GSR particles by SEM/EDS was assessed
on the basis of the laboratory-specific 90 % detection capability values. The assessment was
conducted by means of the software package PROLab Plus 2020 [1], which is widely used for the
characterization of the precision of analytical methods in the framework of method validation and for

the assessment of the performance of laboratories in the framework of proficiency tests.

In accordance with ISO 13528 [4] and EURACHEM ([3], [4], [5] and [6]), the evaluation of the
laboratory-specific 90 % detection capability values was carried out by means of z scores. Each

z score describes how much the corresponding laboratory’s result deviates from the assigned value.
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The computation of the z scores is described in Appendix A.4 (p. 26). The following Table 3-1 provides
an overview of total and relative laboratory numbers having obtained satisfactory, questionable and

unsatisfactory z scores.

Table 3-1:  z score assessment of laboratory-specific 90 %-detection capability values: Total number
and percentage (in parentheses) of satisfactory, questionable and unsatisfactory results
across all laboratories

AR P Interpretation Value of z score b I DET G
90 % detection capability P laboratories
0.50-0.88 ym SEEIFEIEON £he greater or equal to 0 47 (81 %)
above-average
satisfactory and less than 0, o
Cgg e [ below-average but greater than -2 (%)
1.33-1.56 ym questionable between -3 and -2 3 (5 %)
1.56-2.00 ym unsatisfactory less than -3 3 (5 %)

In total, 52 out of 58 laboratories (=90 %) obtained a satisfactory z score for the evaluation of
laboratory performance in terms of 90 % detection capability values. A questionable z score was
obtained by three laboratories (#04, #31 and #34), and three more laboratories (#09, #23 and #27)

obtained an unsatisfactory z score.

Figure 3-3 provides an overview of the z scores.

3
00 00 00 00 00 ©0 00 0 ¢O oD €0 00 C0 ©O €O 00 00 00 0 O 0D 0O 00 O G0 oy
(O (O O (O (O (D (D O O O WO (O WO WD WO D (O D WO WO W WO W W 5
A R B R S S
=S
oh%oo
“mehhﬁﬁmmr -
1 =lI=P wgggg Nm
T
0 - DDDDDDD= I _
'522:
1 SooS
o ~1 o
3
ﬁ - _|__zscore = -2 (90 % detection capability of 1.33 ym) 11 bl | |-
2 |
3 _|__zscore =-3 (90 % detection capability of 1.56 um) 111 NN o
S o
Maes
-4 Tea
_5 -
5
8 bl
B R e N e b b G T T T ety R e s R I T Do T L L)
o dThngng ngnpniv s ivbvbvivivivis s o ok tE oy o nf ok nfvin Ay bRV IS ai RS pvaiv advivicdvav
Lab code
Figure 3-3: Laboratory assessment in terms of 90 % detection capability values; z scores are

displayed at the end of the bars; the following color coding applies — green bar: 90 %
detection capability is satisfactory and better than average — blue bar: satisfactory, but
worse than average — orange bar: questionable — red bar: unsatisfactory.
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3.4 Correlation of laboratory performance between two proficiency tests

The design of the GSR proficiency tests allows for a comparison of the laboratory-specific results in
two consecutive PTs. For the 43 laboratories that participated in both GSR2020 and GSR2019, the
90 % detection capability values obtained in both PTs can be compared. The performances from both

proficiency tests (evaluated according to Youden [11]) are shown in the following Figure 3-4.

3 T
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2 1 :
| #59
T | " % 455 %0s
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/4)4 #24 G ©#36
|
-1 4 #239| i
® / ! o#25
S g b
o4 / #07
[42] |
0 2+ ¥ : O#45
[2] |
(0] |
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v |
N g /, :
/ |
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_4 = ) #34@ :
/ i
5 / |
|
/ :
5 #290 |
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- -6 = -4 i -2 1 0 1 2 3
z scores GSR2020

Figure 3-4: Youden plot: z score values in GSR2020 vs. z score values in GSR2019 for all
43 laboratories which participated and submitted data in both PT rounds — green:
satisfactory performance in GSR2019 and GSR2020 - red: unsatisfactory performance in
GSR2019 or/and GSR2020

Figure 3-4 shows that all laboratories but three performed satisfactorily in both studies. Laboratory #23
had performed satisfactorily in GSR2019, but showed unsatisfactory performance in GSR2020.
Laboratory #29 and laboratory #34 had performed unsatisfactorily in GSR2019, but could improve
their performance: In GSR2020, laboratory #34 showed questionable performance, while laboratory

#29 even displayed satisfactory and roughly average performance.

The best z score was achieved by 15 out of 43 laboratories (35 %) in both studies.
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3.5 Number of correctly detected PbSbBa particles (per particle size)

An additional assessment of laboratory performance in terms of the number of correctly detected
PbSbBa particles — separately for each particle size — was also carried out. The results of this
assessment of performance are provided for information purposes only. The results are provided in
Appendix A.5 (p.27). This approach is available in the GSR QC analysis tool
(https://gsr-ie.quodata.de).

3.6 Bias analysis

It is possible to perform a further analysis of overall laboratory performance by breaking down
observed errors into different components. This bias analysis is provided here for information
purposes only and may become an integral part of future assessements. There are three bias

components:

o Detection bias: This negative bias component corresponds to failure to detect a PbSbBa
particle

e Classification bias: This negative bias component corresponds to failure to correctly classify
a previously detected PbSbBa particle as characteristic or consistent

e Double-count bias: This positive bias component corresponds to an instance of a PbSbBa
particle being detected and correctly classified more than once. In practice, no more than one
double-count per PbSbBa particle is observed. However, in theory, nothing prevents one
PbSbBa particle from being detected more than twice. If one and the same PbSbBa particle
were detected three times, for instance, this would represent one correct detection and two

double-counts.

In order to clarify these three bias components and the manner in which they interact, consider the

following two cases:

¢ In the absence of any detection or classification bias, it would theoretically be possible for a
laboratory to report more GSR particles than are actually present for a given particle size.

e The presence of a double-count bias can compensate for the presence of a detection or
classification bias. Take the case that, inside a given particle size, one particle goes
undetected and another particle is counted twice. The total number of reported particles will be

correct, concealing the fact that it is actually the result of two mutually cancelling biases.
The detection bias [%] is calculated as

number of detected particles — true number of particles
true number of particles

The classification bias [%] is calculated as

number of correctly classified particles — number of detected particles
true number of particles

QuoData GmbH Page 13 of 31
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The double-count bias [%] is calculated as

number of double-counts
true number of particles

For each of these bias components, the calculation is performed across all 6 particle sizes, separately
for each laboratory. Then the mean value across laboratorie is calculated using the robust “Hampel”
method according to ISO 13528 [4].

It should be noted that laboratories which only submitted results for characteristic and consistent
results are not taken into account in the calculations for the detection and classification biases, since it
is not possible to distinguish the two negative biases for such laboratories. As a result, the calculations
for the detection and classification bias components were performed on the basis of data from only 41

laboratories.
The results of the bias analysis are provided in Table 3-2.

Table 3-2:  Relative bias values [%] (robust mean across laboratories)

Bias component Bias value
Detection -3.0 %
Classification -0.2%
Double-count +1.1%
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Appendix

A.1 List of all participating laboratories

Laboratory/Agency Country
International Atomic Energy Agency AUSTRIA
Research Institute of Forensic Sciences within the Ministry of Interior BULGARIA
Fiscalia General de la Nacion COLOMBIA
Corte Suprema de Justicia-Poder Judicial COSTA RICA
Forensic Science Centre "lvan Vucetic" CROATIA
State General Laboratory CYPRUS
Danish Technological Institute DENMARK
Estonian Forensic Science Institute ESTONIA
National Bureau of Investigation (NBI) FINLAND
INPS — Laboratoire de Police Scientifique de LILLE

INPS — Laboratoire de Police Scientifique de LYON

INPS — Laboratoire de Police Scientifique de MARSEILLE

INPS — Laboratoire de Police Scientifique de PARIS FRANCE
INPS — Laboratoire de Police Scientifique de TOULOUSE

PJGN — IRCGN

Bayerisches Landeskriminalamt - Kriminaltechnisches Institut

Bundeskriminalamt — KT23

Hessisches Landeskriminalamt (HLKA)

Landeskriminalamt Brandenburg, Kriminaltechnisches Institut

Landeskriminalamt Hamburg (LKA Hamburg) AN
Landeskriminalamt Mecklenburg-Vorpommern (LKA M-V)

Landeskriminalamt Niedersachsen (LKA Niedersachsen)

Landeskriminalamt Nordrhein-Westfalen (LKA NRW)

Landeskriminalamt Rheinland-Pfalz (LKA RLP)

Landeskriminalamt Sachsen (LKA Sachsen)

Forensic Science Division of Hellenic Police GREECE
INACIF GUATEMALA

Forensic Firearms Examination Division, Hong Kong Police

Forensic Science Ireland

Israeli Police, National HQ

HONG KONG SAR,
CHINA

IRELAND
ISRAEL

QuoData GmbH
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Laboratory/Agency Country

DCA — Servizio Polizia Scientifica — Gabinetto Interregionale Napoli

Italian National Police — Forensic Police Service

Polizia di Stato GRPS Ml

RIS Carabinieri — Cagliari ITALY

RIS Carabinieri — Messina

RIS Carabinieri — Parma

RIS Carabinieri — Roma

Institute of Forensic Science and Legal Medicine JAMAICA
Forensic center of Montenegro MONTENEGRO
The Netherlands Forensic Institute (NFI) NETHERLANDS
National Criminal Investigation Service (NCIS Norway) NORWAY
Institute of Forensic Research POLAND
Laboratorio Policia Cientifica da Policia Judiciaria PORTUGAL
Russian Federal Center of Forensic Science (RFCFS) RUSSIA

The National Forensic Center of Serbia SERBIA

Health Sciences Authority, Forensic Science Division SINGAPORE
National Forensic Laboratory (NFL) SLOVENIA
Instituto Nacional de Toxicologia y Ciencias Forenses

Mosos d'Esquadra-Policia de Catalunya AN

National Police of Spain

SERVICIO DE CRIMINALISTICA - GUARDIA CIVIL

NFC SWEDEN
Forensisches Institut Zurich SWITZERLAND
Royal Police Cadat Academy THAILAND

Forensic Science Northern Ireland

Key Forensic Services

Orchid Cellmark Ltd

SPA Forensic Services

California Dept. of Justice, Bureau of Forensic Services, Central Valley Lab
Montana Forensic Science Division

Sacramento County District Attorney Laboratory of Forensic Services

UNITED KINGDOM

UNITED STATES

QuoData GmbH
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A.2 Instructions of the GSR2020 proficiency test

A.2.1 General instructions

Proficiency Test for the Identification of GSR by
SEM/EDS
QUO data

GSR2020 U

. *QUALITY & STATISTICS!
Instructions

Sample Description

Enclosed you will find your sample for this year’s Proficiency Test (PT) on the Identification of Gunshot Residue
(GSR) particles by means of Scanning Electron Microscopy coupled with Energy Dispersive
X-ray Spectroscopy (SEM/EDS).

The GSR2020 PT sample contains all the criteria required in proficiency testing (i.e. identical and homogeneous
sample materials, in particular). On each sample there are a certain number of synthetic GSR particles consisting
of lead, barium and antimony. The location and size of the particles are known exactly by the PT organizer,

QuoData GmbH. Particle sizes cover the range between sub-um and several ym in diameter.
Sample Properties

A glassy carbon chip of 8x8 mm? is mounted on a standard 1/2-inch stub. On this chip, there is an area of interest

measuring 6x6 mm?, where the synthetic GSR particles are distributed.

As the test sample is nearly free from contamination it is suitable for quick system validation checks and quality
assurance procedures. For protective reasons, the chip is coated with a thin carbon layer, which should help
avoid charging. Nevertheless, if charging does occur, it is recommended to perform a supplementary carbon
coating of the sample.

Performance of the Test

All participants are requested to identify the synthetic Pb/Sb/Ba particles on the test sample. Please examine
your sample according to your standard laboratory procedure for GSR analysis. Please use the same
SEM/EDS settings used for routine GSR analysis. If there is a change of parameter settings necessary (e.g.

BSE threshold) to run the sample, please note this in the comment section of your answering form.

Mount the test sample on your stage in such a way that the small 100x100 um? PbSbBa control pad is displayed
in the lower left corner of your SEM screen as shown in Fig.1. This 100x100 pym? pad can also be used for the
BSE threshold adjustment.
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Examine the center area of interest of 6x6 mm? of the chip which is in between the four markers as shown in

Fig. 2. Please adjust the search area so that the markers are just included.

]
ENFSI GSR - 2020 (.-

Fig. 1: BSE image of the lower left corner part of Fig.2: Four BSE images of the markers limiting
the GSR PT sample the 6x6 mm? search area (not true to
scale)

Due to the production process the particles also contain some amount of Fluorine (BaF2 was used for sample
preparation). However, if an interfering F-signal in the obtained spectra is leading to a false classification of the
Pb/Sb/Ba particles, it is suggested to either add Fluorine as a matrix element in your criteria list or set the F-signal
to zero. Please note any of these necessary changes of the standard settings as a comment in your answering
form. If there are particles PbSb, PbBa or SbBa defined into the particle classification scheme, please report them

as well.
Access to the GSR PT Portal

In order to submit the data you have obtained (raw data) please use the online data entry form which is available

on the following web page:

https://gsr.quodata.de

After logging in, you will be taken to the PT dashboard (see Fig. 4). By clicking on the currently open round
GSR2020, you are directed to the data entry form.
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Reports Enroll to upcoming rounds My account  Log out

&N : N . cela
@TS[ International PT on Identification of Gunshot Residues R0
PT dashboard

Laboratory: QuoData GmbH

Currently open rounds

GSR2020 Closing in 49 days E

Fig. 4: Screenshot of the PT dashboard on the GSR website

Enter Data for GSR2020 PT

Please report your raw particle data under DATA. Please paste the raw data into the text box. You must provide

at least the results you have obtained for

e the absolute X and Y co-ordinates (in ym or mm),
e the corresponding particle sizes (calculated diameter) and
e the particle classification.

Unstructured and ambiguous data will not be taken into account for the final evaluation.
In addition, you will also be asked for the

e ANALYTICAL EQUIPMENT
e AcQuUISITION PARAMETERS
e QuALITY CONTROL
for informative purposes; the minimum particle size [um] according to the quality control SOP is a required entry.

You can save your data entries at any time by clicking on the button SAVE.

In order to confirm the results and submit them to QuoData GmbH, just click on the button SAVE AND SUBMIT DATA.

You can view your data at any time after submitting it, but you cannot longer change anything.
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Deadline
Results must be received by QuoData GmbH latest
4t of September 2020

in order to be evaluated and considered in the final report. Results of participants, who send in their results after

the deadline, will not be taken into account for the final evaluation.
Lab Code

In order to maintain confidentiality, lab codes have been assigned to all participating laboratories. Your lab code is
mentioned in the cover letter sent to you with the sample, on the transport box and on the plastic cover of the

sample.
Plausibility Check

QuoData GmbH will prepare the data and carry out plausibility checks. The data which your laboratory reported
will be used to create a diagram displaying the chip and the identified GSR particles. This diagram will be

provided to you by 4" September 2020.
Corrections or comments must be made up to

25t September 2020.
Final Report

The final report will be provided until
November 2020.
Your results will only be identified by your lab code. An individual certificate is provided with the final report.
Contact
If you have any questions, please contact
QuoData GmbH
GSR-ENFSI-PT@quodata.de

+49 351 402 88 67 0
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A.2.2 Web-based answer form

¥ DATA

Please paste your data here:

¥ _ANALYTICAL EQUIPMENT

- SEM

SEM type

Year of purchase

w EDX5YSTEM

Did you use an EDX system?
) Yes () Mo

ED¥ system

Year of purchase

¥ ANALYSER

Analyser

Year of purchase

¥ BSE DETECTOR

Type and model

Year of purchase

Calibration standard

() automatic () manual

G5R software version

‘Year of purchase

QuoData GmbH
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¥ ACQUISITION PARAMETERS

Accelerating voltage [kV]

Probe current {e.g. Faraday Cupl [nA]

Search magnificaton

Size of search field (X)

Size of search field ()

Mormal ¥-ray acquisition time [s]

Maxirmuwm ¥-ray acquisition time [s]

Process time (for IMCA users only)

Total analysis time [min]

Total area searched [mm?]

Image resolution (width) [pixel]

Image resolution (height) [pixel]

Carbon-coating of samples routinely performed

() yes () mo
Beam compensation (for INCA users only)

.t Pt
(] [
. . no

v QUALITY CONTROL

Min. particle size [pm] acc. to quality control S0P *

G5R analysis with case work parameter settings
."". yes .":. no

Comments
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A.3 Number of correctly detected PbSbBa particles

Table A-5-1: Number of correctly detected PbSbBa particles for each particle size (results for particles
smaller than reported minimum particle size are shown in parentheses)

Min. particle size

Lab code 2.0 ym 1.5pum 125um 1.0pm 0.75um 0.5 pm [um] acc. to SOP
#01 24 26 25 25 (24) (0) 1
#02 24 27 25 28 26 23 0.5
#03 24 27 25 28 26 23 0.4
#04 24 26 20 19 12 12 0.4
#05 24 27 25 28 (26) (21) 1
#06 24 27 25 28 26 22 0.5
#07 24 25 25 27 (15) (0) 1
#08 24 24 23 27 25 (3) 0.74
#09 19 20 21 25 (19) (20) 1
#10 24 27 25 28 26 22 0.4
#11 24 27 25 28 (22) (0) 0.8
#12 24 27 25 28 25 23 0.1
#13 24 27 25 28 26 23 0.5
#14 24 27 25 28 26 13 0.5
#15 24 27 25 28 26 23 0.5
#16 24 27 25 28 24 (0) 0.7
#17 24 27 25 28 (24) (9) 0.8
#18 24 27 25 28 26 23 0.5
#19 24 27 24 28 (24) (15) 0.9
#20 24 27 25 28 26 (21) 0.6
#21 24 27 25 27 (23) (0) 0.8
#22 24 27 25 28 (26) (20) 1
#23 24 21 10 (0) (0) (0) 1.2
#24 24 27 25 27 26 0 0.5
#25 24 26 25 28 26 23 0.5
#26 23 23 23 26 18 0 0.32
#27 23 24 19 12 6 1 0.5
#28 24 27 25 28 26 23 0
#29 21 25 24 25 22 7 0.48
#30 No data submitted
#31 22 26 19 (18) (9) (1) 1.0417
#32 24 27 25 28 26 23 0.5
#33 24 27 25 28 (26) (23) 0.8

QuoData GmbH

Page 24 of 31



ENFSI Proficiency Test on Identification of GSR by SEM/EDS — GSR2020 — Final Report of Results

Labcode 20pym 15pym 1.25pym 1.0pym 0.75um 0.5 pm '[‘:"':‘] ':i:"t’:fssg;
#34 24 27 20 2 0 0) 0.57
#35 24 27 25 28 (1) 0) 1
#36 24 27 25 28 26 21 0.4
#37 24 27 25 28 26 23 0.5
#38 24 27 25 28 26 23 0.5
#39 24 27 25 28 24 9) 0.7
#40 24 27 25 28 25 0) 0.75
#41 24 27 25 28 (26) (23) 1
#42 24 27 25 28 (24) (5) 1
#43 24 27 25 28 (22) (5) 1
#44 24 27 25 27 26 22 0.3
#45 21 24 24 26 (24) (11) 0.8
#46 24 27 25 28 (17) 0) 1
#47 23 25 23 26 (21) 0) 1
#48 24 25 25 28 (22) (1) 1
#49 24 27 25 28 26 22 0.5
#50 24 27 25 28 (25) (23) 0.8
#51 24 27 25 28 9) 0) 1
#52 24 27 25 28 26 23 0.3
#53 24 27 25 28 26 23 0.5
#54 24 27 25 28 (26) (22) 1
#55 24 27 25 28 26 23 0.5
#56 No data submitted
#57 22 25 23 22 (21) 9) 1
#58 24 26 25 27 25 2 0.37
#59 24 27 25 27 26 (16) 0.6
#60 24 27 25 28 (25) (19) 1
#61 Manual investigation performed; no data evaluation possible
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A.4 Information regarding z score calculation

The z score was calculated by dividing the difference between the participant’s result x,, and the

assigned value x, by the standard deviation for proficiency assessment oy,

z scores as computed on the basis of 90 % detection capability results

According to ISO 13528 [4], there are different methods for the determination of the assigned value x,.
One possibility is to calculate a mean value on the basis of participant results, and to take this mean
value as the assigned value. This mean value is called a “consensus value” in ISO 13528 [4], and this
is the procedure which was applied in Sections 3.3.3 and 3.3.4. Other possibilities include computing a
consensus value on the basis of results from expert laboratories or using a reference value. This year,
in agreement with the decisions of the ENFSI Expert Working Group Firearms/GSR, it was determined
by the ENFSI Advisory Board that the assigned value should be less than or equal to 1.00 um. A
particle size of 0.88 pm was calculated as the consensus value on the basis of the GSR2020 results
(this consensus value is the 90 % detection capability of the overall curve — see Section 3.3.3). Since
this consensus value is less than 1.00 um, it was adopted as the assigned value for laboratory

assessment.

The standard deviation for proficiency assessment g,, is computed on the basis of the standard
uncertainty of the assigned value g, and the empirical standard deviation o, — computed as the

reproducibility standard deviation' across all laboratory-specific 90 % detection capability values:

- f 2 2
Opt = |04 + 03

The reproducibility standard deviation was calculated by means of the robust “Q method” estimator

according to 1ISO 13528 [4]. Table A-5-2 provides the values used for the calculation of the z scores.

Table A-5-2: Assigned value and standard deviation for proficiency assessment used for the computation
of z scores on the basis of laboratory-specific 90 %-detection capability values

Assigned Uncertainty of Reproducibility Standard deviation

. value assigned value standard for proficiency
Characteristic deviation assessment
Xa Oq OR O-pt
o .
90 % detection 0.88 um 0.051 pm 0.220 pm 0.226 pm

capability

1 The reproducibility standard deviation characterizes the variability of the measurement data under reproducibility
conditions, i.e. test results are obtained with the same method on identical test items in different laboratories.
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A.5 z scores corresponding to numbers of detected particles

The assigned value was defined as the true value for the number of PbSbBa particles for each particle
size. The standard deviation for proficiency assessment (SDPA) was defined as 10 % of the assigned

value. If less than the latter value, the reproducibility standard deviation was taken instead.

This standard deviation was calculated by means of the robust “Q method” estimator according to
ISO 13528 [4]. This robust method was selected in order to take into account the discrete nature of the
number of correctly detected PbSbBa particles and to minimize the effect of potential outliers. Robust
methods are discussed in the appendix of ISO 5725-5 [2].

The reproducibility standard deviation was taken as standard deviation for proficiency assessment
(SDPA) for all particle sizes. The assigned and SDPA values used for the calculation of the z scores

are provided in the following Table A-5-3.

Table A-5-3: Assigned values and target standard deviations for the five particle sizes evaluated
- Standard
o
_ _ Total |_1umber Assigned 10 _A, of Reproducibility deviation for
Particle size  of particles on assigned standard . .
value et proficiency
sample value deviation
assessment
2.0 ym 24 24 24 0.646 0.646
1.5 um 27 27 2.7 0.958 0.958
1.25 pm 25 25 2.5 1.022 1.022
1.0 ym 28 28 2.8 0.949 0.949
0.75 um 26 26 2.6 1.159 1.159
0.5 uym 23 23 2.3 1.796 1.796

A z score ...

... between -2 and 0 indicates satisfactory performance
... between -3 and -2 indicates questionable performance
... below -3 indicates unsatisfactory performance

A laboratory obtains a satisfactory z score if

o for each of the 2.0 ym, 1.5 ym and 1.00 um particle sizes: at most 1 particle was not detected
o forthe 1.25 ym and 0.75 um particle sizes: at most 2 particles were not detected

o for the 0.5 ym particle size: at most 3 particles were not detected

The following Table A-5-4 provides an overview of the numbers of detected particles leading to

different assessment results per particle size.
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Table A-5-4: Number of detected particles leading to satisfactory, questionable and unsatisfactory
z scores for each particle size
Particle size Satisfactory Questionable Unsatisfactory

2.0 ym 23-24 -- 0-22
1.5 ym 26 - 27 25 0-24

1.25 ym 23-25 22 0-21
1.0 um 27 -28 26 0-25

0.75 pm 24 - 26 23 0-22
0.5 um 20-23 18-19 0-17

The individual z scores of all laboratories can be found in the following Table A-5-5 as well as in Figure
A-5-1. Laboratory performance was assessed only for particle sizes which were greater or equal to the
minimum particle size according to the quality control SOP. Laboratories were instructed to provide
minimum particle sizes in the answer form (see Appendix A.2, p. 18).

Table A-5-5: Calculated z scores for each particle size. Unsatisfactory z scores (z < —3) are highlighted

in red; questionable z scores (—3 < z < —2) are highlighted in orange; results for particles
smaller than the indicated minimum particle size were not assessed and marked as ---)

Min.
particle
Labcode | size [um] | 90 % DC | 2.0 um 15pum 1.25um 1.0pm 0.75pum 0.5 pm
acc. to
SOP
#01 1 0.76 0.0 -1.0 0.0 -3.2 - -
#02 0.5 0.50 0.0 0.0 0.0 0.0 0.0 0.0
#03 0.4 0.50 0.0 0.0 0.0 0.0 0.0 0.0
#04 04 1.55 0.0 -1.0 -4.9 -9.5 -12.1 -6.1
#05 1 0.50 0.0 0.0 0.0 0.0 - -
#06 0.5 0.50 0.0 0.0 0.0 0.0 0.0 -0.6
#07 1 0.87 0.0 -2.1 0.0 -1.1 - -
#08 0.74 0.73 0.0 -3.1 -2.0 -1.1 -0.9 -
#09 1 2.00 -7.7 -7.3 -3.9 -3.2 - -
#10 04 0.50 0.0 0.0 0.0 0.0 0.0 -0.6
#11 0.8 0.78 0.0 0.0 0.0 0.0 - -
#12 0.1 0.50 0.0 0.0 0.0 0.0 -0.9 0.0
#13 0.5 0.50 0.0 0.0 0.0 0.0 0.0 0.0
#14 0.5 0.57 0.0 0.0 0.0 0.0 0.0 -5.6
#15 0.5 0.50 0.0 0.0 0.0 0.0 0.0 0.0
#16 0.7 0.75 0.0 0.0 0.0 0.0 -1.7 -
#17 0.8 0.70 0.0 0.0 0.0 0.0 - -
#18 0.5 0.50 0.0 0.0 0.0 0.0 0.0 0.0
#19 0.9 0.71 0.0 0.0 -1.0 0.0 - -
#20 0.6 0.50 0.0 0.0 0.0 0.0 0.0 -
#21 0.8 0.75 0.0 0.0 0.0 -1.1 - -
#22 1 0.51 0.0 0.0 0.0 0.0 - -
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Min.
particle
Labcode |size [um] | 90 % DC | 20uym 15pm 1.25pm 1.0pm 0.75pm 0.5 pm
acc. to
SOP
#23 1.2 1.58 0.0 -6.3 -14.7
#24 0.5 0.74 0.0 0.0 0.0 -1.1 0.0 -12.8
#25 0.5 0.50 0.0 -1.0 0.0 0.0 0.0 0.0
#26 0.32 0.92 -1.5 -4.2 -2.0 -2.1 -6.9 -12.8
#27 0.5 1.61 -1.5 -3.1 -5.9 -16.9 -17.3 -12.3
#28 0 0.50 0.0 0.0 0.0 0.0 0.0 0.0
#29 0.48 0.91 -4.6 -2.1 -1.0 -3.2 -3.5 -8.9
#30 No data submitted
#31 1.0417 1.52 -3.1 -1.0 -5.9
#32 0.5 0.50 0.0 0.0 0.0 0.0 0.0 0.0
#33 0.8 0.50 0.0 0.0 0.0 0.0
#34 0.57 1.34 0.0 0.0 -4.9 -27.4 -22.4
#35 1 0.97 0.0 0.0 0.0 0.0
#36 0.4 0.50 0.0 0.0 0.0 0.0 0.0 -1.1
#37 0.5 0.50 0.0 0.0 0.0 0.0 0.0 0.0
#38 0.5 0.50 0.0 0.0 0.0 0.0 0.0 0.0
#39 0.7 0.70 0.0 0.0 0.0 0.0 -1.7
#40 0.75 0.74 0.0 0.0 0.0 0.0 -0.9
#41 1 0.50 0.0 0.0 0.0 0.0
#42 1 0.72 0.0 0.0 0.0 0.0
#43 1 0.77 0.0 0.0 0.0 0.0
#44 0.3 0.50 0.0 0.0 0.0 -1.1 0.0 -0.6
#45 0.8 0.65 -4.6 -3.1 -1.0 -2.1
#46 1 0.83 0.0 0.0 0.0 0.0
#47 1 0.81 -1.5 -2.1 -2.0 -2.1
#48 1 0.68 0.0 -2.1 0.0 0.0
#49 0.5 0.50 0.0 0.0 0.0 0.0 0.0 -0.6
#50 0.8 0.50 0.0 0.0 0.0 0.0
#51 1 0.89 0.0 0.0 0.0 0.0
#52 0.3 0.50 0.0 0.0 0.0 0.0 0.0 0.0
#53 0.5 0.50 0.0 0.0 0.0 0.0 0.0 0.0
#54 1 0.50 0.0 0.0 0.0 0.0
#55 0.5 0.50 0.0 0.0 0.0 0.0 0.0 0.0
#56 No data sumitted
#57 1 1.29 -3.1 -2.1 -2.0 -6.3
#58 0.37 0.68 0.0 -1.0 0.0 -1.1 -0.9 -11.7
#59 0.6 0.63 0.0 0.0 0.0 -1.1 0.0
#60 1 0.57 0.0 0.0 0.0 0.0
#61 Manual investigation performed; no data evaluation possible
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Z scores

Individual z scores for the different particles sizes
(inred: z < —3,inorange: -3 <z < -2 ingreen: z > —2, x: not assessed)

Figure A-5-1:
QuoData GmbH




ENFSI Proficiency Test on Identification of GSR by SEM/EDS — GSR2020 — Final Report of Results

End of Final Report of Results
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