European

Commission
|

JRC TECHNICAL REPORTS

Evaluation of the Inter-Laboratory
Comparison exercise for SO, CO,
O3, NO and NO; (20-23 May 2019,
Ispra)
European Commission
harmonisation

programme for air
quality measurements

Barbiere M., Lagler F., Borowiak A.

2019

Parameter O3 conc level: 3

03 nm_pl.'mol

3447 | 3489

- 3ap
| | 33fre | 33f7s
3%1 33734

329 —

EUR

32}6

29896 EN




This publication is a Technical report by the Joint Research Centre (JRC), the European Commission’s science
and knowledge service. It aims to provide evidence-based scientific support to the European policymaking
process. The scientific output expressed does not imply a policy position of the European Commission. Neither
the European Commission nor any person acting on behalf of the Commission is responsible for the use that
might be made of this publication. For information on the methodology and quality underlying the data used in
this publication for which the source is neither Eurostat nor other Commission services, users should contact
the referenced source. The designations employed and the presentation of material on the maps do not imply
the expression of any opinion whatsoever on the part of the European Union concerning the legal status of any
country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries.

Contact information

Name: Annette Borowiak

Address: European Commission, Joint Research Centre, Via E. Fermi 2749, 21027 Ispra (VA), Italy
Email: annette.borowiak@ec.europa.eu

Tel.: +39 0332 789956

EU Science Hub
https://ec.europa.eu/jrc
JRC118184

EUR 29896 EN
PDF ISBN 978-92-76-12331-6 ISSN 1831-9424 doi:10.2760/08238

Luxembourg: Publications Office of the European Union, 2019

© European Union, 2019

O)

The reuse policy of the European Commission is implemented by the Commission Decision 2011/833/EU of 12
December 2011 on the reuse of Commission documents (OJ L 330, 14.12.2011, p. 39). Except otherwise noted,
the reuse of this document is authorised under the Creative Commons Attribution 4.0 International (CC BY 4.0)
licence (https://creativecommons.org/licenses/by/4.0/). This means that reuse is allowed provided appropriate
credit is given and any changes are indicated. For any use or reproduction of photos or other material that is
not owned by the EU, permission must be sought directly from the copyright holders.

All content © European Union, 2019

How to cite this report: Barbiere M., Lagler F., Borowiak A., Evaluation of the inter-laboratory comparison
exercise for SOz, CO, O3, NO and NOz, 20-23 of May 2019 Ispra, Italy - European Commission harmonisation
programme for air quality measurements, EUR 29896 EN, Publications Office of the European Union,
Luxembourg, 2019, ISBN 978-92-76-12331-6, do0i:10.2760/08238, JRC118184.


https://creativecommons.org/licenses/by/4.0/

Table of contents

1. ACKNOWLEDGEMENTS.....cciitttituiiiiiiinnnnnsiiisiiinssmsssssssiiessmsssssssstimssssssssssssssssssssssssssssssssssssssssssssssssssssssanes 1
7 £ Y 2 1 I 2 Y N 2
3. INTRODUCTION .....cceuuiiiiiiiiieiensiiiiiiinssassssssstrrsssssssssssstmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnns 3
4. INTER-LABORATORY ORGANISATION ....cococeiiieiiieeiiineiinneeiseeiseesesessstssssssssssesesaesesassssssssssesessesenasssnasases 5
A1 PARTICIPANTS .ceuteuteteeteetteuteutestetesteebesueeueessenseabesaeebesseeaeea s e s eabeseeebesbeeh e eaeemeea bt seeebeebeebeeae et ebeseeabesueebeeaeeneenee 5
4.2 PREPARATION OF TEST MIXTURES ..vuteuveterueeueensessensessessesseeseensensensessessessesseenssensensessessesssessensensensessessessesnsensensen 7
5. THE EVALUATION OF LABORATORY’S MEASUREMENT PROFICIENCY ......cccooiisisssssssssssssssssssssssssssssssssssssnns 9
D1 Z/mSCORE ettt ettt h e bt bt bt e bt e e b et e bt e e be e e hee e b et e abee e be e e anee s baeennee e beeenneenate 9
5.2 BN SCORE ettt e et e e e e e e e s e e e s s s e e e s e aaareee s 13
6. PERFORMANCE CHARACTERISTICS OF INDIVIDUAL LABORATORIES ........cccevuueiiiiiiimnnnnnsiiniiinnnnensssinsnnne 19
6.1  CONVERTER EFFICIENCIES OF NO2-TO-NO FOR NOX ANALYSERS ...cuveterueeueeueenteteseentesuesseeseesensessessesuessessessensens 19
728 0 1 0113 [0 ] 21
8. ASSIGNED VALUES .......coieiiieiiieiiecisat st ee s see st s sat s s s e s ae s ae s s s s as s s s e s ae s ae s e at e s sne s nnenanneas 23
L= R 0 1 o U L] [0 26
10.  REFERENCES......ccueiiieiiiueiiueeiieeiieessstssat s sse e seseesea e seas s s as e s sa e s sa e sabas s saan e sesne s saesasatesennessnesesaesasnnesnn 29
ANNEX A: THE RESULTS OF THE ILC ....cciouuiiiiiiiieeiiecniecniat st sssesssssssssesssessss e ssasesessesesssssssssssssessssesessesenaes 38
REPORTED VALUES FOR SO2 ..uvtutieutisueenteeteetesitesitesteesteenseesesmeesueesseesbeenbesasesasesaeesheesaeenseenstenseeneenbeenbeenbesnsesnsesneesues 38
REPORTED VALUES FOR €O ....ututetitenteeteetteuteutestetestesbesheehteatesteate st eebesaeebesaeestens et eabesaeebeeaeesteme et enbeseeebesbeebeeneentenes 41
REPORTED VALUES FOR O3 ... utiutetiterteeteetteuteutestetestesbesheehteutesteabe st eebesaeeheeaeestenb et e besaeebeeaeesteneenbenbesbeebesaeebeeneentenes 45
REPORTED VALUES FOR N ...ttt ettt ettt st b e she bt eat et et e st e ebesaeeheeaeeateab et et e saeebeeaeesteme et enbesbeebesbeebeeneentenes 48
REPORTED VALUES FOR NO2 ...t utteiteeeietteteeteeitesitesttestee st etesaeesueesseasseenseensesasesseesaeesaeenseenseenseeatesseenseensesnsesnsesasesaes 54
ANNEX B: PRECISION OF STANDARDISED MEASUREMENT METHODS ......ccccoittuiiimmnniiimnniiimneinimmenmsennnes. 57
ANNEX C: SCRUTINY OF RESULTS FOR CONSISTENCY AND OUTLIER TEST .....ccceuciiimmmiiimmnnicimnnsininnessnnnesssnnnenes 63
ANNEX D: CONFIDENTIALITY ..oeeiiiiiiieiiieeiiueiisteiecsssessssessstsssat s ssss s sessesesaessssssssssessssesessesesassssssessnsssessesanaess 64
ANNEX E: ACCREDITATION CERTIFICATES .....cciiitiinieiieeieseenssatsssatessse s see s sasssas s st e s sse s as s assssas e ssnsessaasananss 65



1. Acknowledgements
In collaboration with:

BILIC Marijo, DAVIES Ben, HECTOR David, HERCOG Predrag, LEPRI Petra, MARLIERE Fabrice,
MIHAJLOVIC Domagoj, MRVOS Luka, NATHALIE Bocquet, PANAYOTOV Nikolay, PARVANOVA
Milena, SILHAVY Jan, VOKOUN Miroslav, ZOBAJ Eugen.

NAME VERSION DATE
Editing A. BOROWIAK (Coordinator) DRAFT 24/06/2019

F. LAGLER (Technician)

M. BARBIERE (Technician/QO)
Review N. JENSEN (Scientist/QO) DRAFT1 8/08/2019
Validation | E. VIGNATI (Head of Unit) FINAL 15/10/2019
Approval P. SZYMANSKI (Director) FINAL 22/10/2019




2. Abstract

Within the harmonisation programme of Air Quality monitoring in Europe the European
Reference Laboratory of Air Pollution (ERLAP) organises Inter-Laboratory Comparison
Exercises (ILC).

From the 20™ to the 23™ of May 2019, including ERLAP, eight Laboratories of AQUILA
(Network of European Air Quality Reference Laboratories) met for a laboratory comparison
exercise in Ispra (IT) to evaluate their proficiency in the analysis of inorganic gaseous air
pollutants (NO, NO,, SO, CO and Os) covered by the European Air Quality Directive
2008/50 EC [1] and its recent amendments 2015/1480/EC [42].

Two laboratories didn’t report values for SO..

The proficiency evaluation, where each participant’s bias was compared to two criteria,
provides information on the current situation and capabilities to the European Commission
and can be used by participants in their quality control system.

On the basis of adopted criteria, 82% of the results reported by AQUILA laboratories were
good both in terms of measured values and reported uncertainties. The rest of the results
had good measured values, but the reported uncertainties were either too high (11%) or
too small (4%). Based on the z’-score evaluation, six values were found to be questionable
(3%) and none of the values were unsatisfactory. Comparability of results among AQUILA
participants at the highest generated concentration levels is satisfactory for
measurements of all pollutants.



3. Introduction

The Directive 2008/50/EC [1] on ambient air quality and cleaner air for Europe sets a
framework for a harmonised air quality assessment in Europe.

One important objective of the Directive [1] is that the ambient air quality shall be
assessed on the basis of common methods and criteria. It deals with the air pollutants
sulphur dioxide (S0.), nitrogen dioxide (NO;) and nitrogen monoxide (NO), particulate
matter, lead, benzene, carbon monoxide (CO) and ozone (O3). Among others it specifies
the reference methods for measurements and Data Quality Objectives (DQOs) for the
accuracy of measurements.

The European Commission (EC) has supported the development and publication of
reference measurement methods for CO [2], SO2[3], NO-NO; [4] and Os [5] as European
standards. Appropriate calibration methods [6], [7] and [8] have been standardised by
the International Organization for Standardization (ISO).

As foreseen in the Air Quality Directive [1, 42], the European Reference Laboratory of Air
Pollution (ERLAP) of the Directorate for Energy, Transport and Climate at the Joint
Research Centre (JRC) organises inter-laboratory comparison exercises (ILC) to assess
and improve the status of comparability of measurements of National Reference
Laboratories (NRL) of the Member States of the European Union.

The World Health Organization Collaborating Centre for Air Quality Management and Air
Pollution Control, Berlin (WHO CC) is carrying out similar activities since 1994 [9] [10],
[24], [31], [35], [38] and [45], but with a view to obtaining harmonised air quality
data for health related studies. Their programme integrates within the WHO EURO region,
which includes public health institutes and other national institutes - especially from the
Central Eastern Europe, Caucasus and countries from Central Asia.

Starting in 2004, it has been decided to bring together the efforts of both the JRC-ERLAP
and WHO CC and to coordinate activities as far as possible, with a view to optimise
resources and improve international harmonisation.

The following report deals with the ILC that took place from 20" to the 23™ of May 2019
in Ispra (IT).

Since 1990 ERLAP has organised ILC in order to evaluate the comparability of
measurements carried out by NRLs and promote information exchange among the expert
laboratories. Recently, a more systematic approach has been adopted, in agreement with
the Network of National Reference Laboratories for Air Quality (AQUILA) [11], aiming to
both provide an alert mechanism for the purposes of the EC legislation and support the
implementation of quality schemes by NRLs.

The methodology for the organisation of ILC was developed by ERLAP in collaboration
with AQUILA and is described in a paper on the organisation of laboratory comparison
exercises for gaseous air pollutants [12].

This evaluation scheme was adopted by AQUILA in December 2008 and is applied to all
ILC since then. It contains common criteria to alert the EC on possible performance
failures, which do not rely solely on the uncertainty claimed by participants. The
evaluation scheme implements the 2z'-score method [13] with the uncertainty
requirements for calibration gases stated in the European standards [2], [3], [4] and [5],
which are consistent with the DQOs of European Directives.

According to the above-mentioned document [12], NRLs with an overall unsatisfactory
performance in the z’-score evaluation (one unsatisfactory or two questionable results per
parameter) ought to repeat their participation in the following ILC in order to demonstrate
remediation measures [12]. In addition, considering that the evaluation scheme should
be useful to participants for accreditation according to ISO 17025, they are requested to
include their measurement uncertainty. Hence, participants’ results (measurement values
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and uncertainties) are compared to the assigned values applying the E,—score method
[13].

Beside the proficiency of participating laboratories, the repeatability and reproducibility of
standardised measurement methods [14], [15] and [16] are evaluated as well. These

group evaluations are useful indicators of trends in measurement quality over different
ILC.



4. Inter-laboratory organisation

The ILC was announced in February 2019 to the members of the AQUILA network and the
WHO CC representative. Registration was opened in April 2019 and closed at the
beginning of May 2019.

Every participants, together with the registration confirm received a detailed protocol with
all the necessary information about the ILC. Each laboratory was required to bring their
own measurement instruments, data acquisition equipment and travelling standards (to
be used for calibrations or checks during the ILC).

The participants were invited to arrive on Monday, 20" of May 2019, for the installation
of their equipment. The calibration of NOx and Oz analysers was carried out next day on
Tuesday morning and the generation of NOx and Os gas mixtures started at 11:00.

The calibration of SO, and CO analysers was carried out on Wednesday afternoon and the
generation of CO and SO, gas mixtures started at 20:00.

The test gases generation and measurements finished on Thursday at 9:00.

4.1 Participants

All participants were organisations dealing with the routine ambient air monitoring or
institutions involved in environmental or public health protection. The national
representatives came from Croatia, France, United Kingdom, Bulgaria, and Czech
Republic.

Table 1: List of participating organizations.

Acronym Institute Country code
EKONERG Energy and Environmental Protection Institute Croatia A
INERIS Institut National de I’Er;e\gglr}gsment Industriel et des France B
AEA RICARDO-AEA Technology United Kingdom C
EEA Executive Environmental Agency Bulgaria D
CHMI Czech Hydrometereological Institute Czech Republic E
DHZ-CAL Meteorological and Hydrological Service - CALIBRATION Croatia F
ERLAP European Reference Laboratory for Air Pollution Italy G
DHZ-TES Meteorological and Hydrological Service - TEST Croatia H

Table 2 reports the manufacturer and model of the instrumentation used by every
participant during the inter-laboratory comparison exercise, including those used in the
calculation of the assigned values.

The list contains the information reported by participants and cannot be considered as an
implicit or explicit endorsement by the organisers of any specific instrumentation.



Table 2: List of instruments used by participants.

parameter analyser
A Horiba APSA 370. 2010
B API, 2010, 100E
C Thermo 43i
D Horiba, 2009, APSA 370
S02
E Thermo Scientific 2018 model 43i
F Teledyne API, 2019, T100U
G Thermo 43C TLE, 2005
H EAS ENVIMET, 2009, M100E
A Horiba APNNA 370. 2015
B Horiba , 2014, APNA 370
C Thermo 42i
D Horiba 2009, analyzer NOx, APNA 370
NOx
E Thermo Scientific 2018 model 42i
F Teledyne API, 2018, T200
G Thermo, TE42iTL, 2015
H EAS ENVIMET, 2009, M200E
A Horiba APMA 370. 2015
B TEI, 2017, 48i
C Horiba APMA 370
D
CcO
E Thermo Scientific 2018 model 48i
F Teledyne API, 2019, T300U
G Horiba, APMA-370, 2010
H EAS ENVIMET, 2009,M 300E
A Horiba APOA 370. 2008
B API, 2010, 400E
C Thermo 49i
D Horiba 2008, APOA 370
03
E Thermo Scientific 2018 model 49i
F Teledyne API, 2019, T400
G Thermo, 49-iPS , 2015
H EAS ENVIMET, 2009, M400E




4.2 Preparation of test mixtures

The ERLAP ILC facility has been described in several reports [17], [18]. During this ILC,
gas mixtures were prepared for SO,, CO, O3, NO and NO; at concentration levels around
limit values, critical levels and assessment thresholds set by the European Air Quality
Directive [1].

Table 3: Sequence program of generated test gases with indicative pollutant concentrations

start

day oy duration parameter installation  calibration Zero Air NO NO2 O3 Cco SOz
h nmol/mol nmol/mol nmol/mol  nmol/mol  mmol/mol  nmol/mol

1st  09:00 / X

2nd  08:00 3 / X

2nd  11:00 1 NO-NO>-Os X

2nd  12:00 2 NO-NO, 135

2nd  14:.00 2 NO-NO, 70 65

2nd  16:00 2 O3 65

2nd  18:00 2 NO-NO; 35

2nd  20:00 2 NO-NO, 15 20

2nd  22:00 2 O3 20

3rd  00:00 2 NO-NO, 65

3rd  02:00 2 NO-NO; 25 40

3rd  04:00 2 O3 35

3rd  06:00 2 NO-NO, 490

3rd  08:00 2 NO-NO; 380 110

3rd  10:00 2 O3 115

3rd  12:00 2 NO-NO; 300

3rd  14:00 2 NO-NO; 200 100

3rd  16:00 2 O3 90

3rd 18:00 2 / X

3rd  20:00 1 CO-SO, X

3rd  21:00 2 CO-S0, 2.8 115

3rd  23:00 2 CO-S0O, 8.5 60

4th  01:00 1 CO-S0;, X not to be reported

4th  02:00 2 CO-SO, 5 35

4th  04:00 2 CO-S0O, 2 18

4th  06:00 2 CO-SO, 0.9 10

4th  08:00 1 /

4th  09:00 END




The test mixtures were prepared by the dilution of gases from cylinders containing high
concentrations of NO, SO, or CO using thermal mass flow controllers [8]. O3 was added
using an ozone generator and NO, was produced applying the gas phase titration method
[19] in a condition of NO excess.

The participants were required to report three half-hour-mean measurements for each
concentration level (run) in order to evaluate the repeatability of standardised
measurement methods. Zero value concentration levels were generated for one hour and
one half-hour-mean measurement was reported. The sequence programme of generated
test gases is given in Table 3.



5. The evaluation of laboratory’s measurement proficiency

To evaluate the participant’s measurement proficiency, the methodology described in ISO
13528 [13] was applied. It has been agreed among the AQUILA members to take the
measurement results of ERLAP as the assigned/reference values for the whole ILC [12].

The traceability of ERLAP’s measurement results and the method applied to validate them
are presented in paragraph 8. In the following proficiency evaluations, the uncertainty of
test gas homogeneity (paragraph 8) was added to the uncertainties of ERLAP’s
measurement results.

All data reported by participating laboratories are presented in Annex A.

As described in the AQUILA document 37 [12], the proficiency of the participants was
assessed by calculating two performance indicators.

The first performance indicator (z’-score) tests whether the difference between the
participants measured value and the assigned/reference value remains within the limits
of a common criterion.

The second performance indicator (E.-score) tests if the difference between the
participants measured values and assigned/reference value remains within the limits of a
criterion, that is calculated individually for each participant, from the uncertainty of the
participants measurement result and the uncertainty of the assigned/reference value.

5.1 z'-score
The z'- score statistic is calculated according to ISO 13528 [13] as:

Xi—X Xl_X

Z = =
Joz+uz @ X +b) +ul

where x; is a participant’s average value for each run, X is the assigned/reference value,
Op is the standard deviation for proficiency assessment and ux is the standard uncertainty
of the assigned value. For a and b see Table 4.

In the European standards [2], [3], [4] and [5] the uncertainties for calibration gases
used in ongoing quality control are prescribed. In fact, it is stated that the maximum
permitted expanded uncertainty for calibration gases is 5% and that ‘zero gas’ shall not
give instrument reading higher than the detection limit. As one of the tasks of NRLs is to
supply calibration gas mixtures, the ‘standard deviation for proficiency assessment’ (cp)
[13] is calculated in fitness-for-purpose manner from requirements given in European
standards.

Over the whole measurement range o; is calculated by linear interpolation between 2.5%
at the calibration point (75% of calibration range) and the limit of detection at zero
concentration level. The limits of detection of studied measurement methods were
evaluated from the data of previous ILC. The linear function parameters of o, are given
in Table 4.

Equation 1

Table 4: Standard deviation for proficiency assessment (op).
op is a linear function of concentration (c) with parameters: slope (a) and intercept (b).

op=a-c+h
Gas a b
nmol/mol

SO, 0.022 1
Cco 0.024 100
0O, 0.020

NO 0.024

NO, 0.020 1




The assessment of results in the z'-score evaluation is made according to the following
criteria:

e |Z'| £2 are considered satisfactory.

e 2 < |Z'| < 3 are considered questionable.

e |Z'| = 3 are considered unsatisfactory. Scores falling in this range are very unusual
and are taken as evidence that an anomaly has occurred that should be
investigated and corrected.

The results of z'-score evaluation are presented in bar plots (Figure 1 to 5) in which the
z'-scores of each participant are grouped together. The assessment criteria are presented
as z'=x2 (blue line) and z'=x3 (red line). They represent the Ilimits
for the questionable and unsatisfactory results.
Figure 1: Z'-score evaluations of SO, measurements
Scores are given for each participant and each tested concentration level (run). Run number order (with nominal

concentration) is: 0 (0 nmoI/moIﬁ, 1 (115 nmol/mol), 2 (60 nmol/mol), 3 (35 nmol/mol), 4 (18 nmol/mol), 5 (10
nmol/mol). Laboratory B and D didn't reported results for this pollutant
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Figure 2: Z'-score evaluations of CO measurements

Scores are given for each participant and each tested concentration level (run). Run number order (with nominal

concentration) is: 0 (0 pmol/mol), 1 (2.8 pmol/mol), 2 (8.5 pmol/mol), 3 (5 pmol/mol), 4 (2 umol/mol), 5 (0.9 pmol/mol).
The assessment criteria are presented as z'=%2 (blue line) and z'=%3 (red line).
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Figure 3: Z'-score evaluations of Oz measurements

Scores are given for each participant and each concentration level (run). Run number order (with nominal concentration)
is: 0 (0 nmol/mol), 1 (65 nmol/mol), 2 (20 nmol/mol), 3 (35 nmol/mol), 4 (115 nmol/mol), 5 (90 nmol/mol).
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Figure 4: Z'-score evaluations of NO measurements
Scores are given for each participant and each tested concentration level (run). Run number order (with nominal
concentration) is: 0 (0 nmol/mol), 1 (135 nmol/mol), 2 (70 nmol/mol), 3 (35 mol/mol), 4 (15 nmol/mol), 5 (65 nmol/mol),

(490
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Figure 5: Z'-score evaluations of NO, measurements
Scores are given for each participant and each concentration level (run). Run number order (with nominal concentration)

is: 0 (0 nmol/mol), 1 (65 nmol/mol), 2 (20 nmol/mol), 3 (40 nmol/mol), 4 (110 nmol/mol), 5 (100 nmol/mol). The
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5.2 En-score
The normalised deviations [13] (En) were calculated according to:

X; — X
Equation 2
JuZ +u? g

where X is the assigned/reference value with an expanded uncertainty Ux and x; is the
participant’s average value with an expanded uncertainty Ux;. Satisfactory results are the

ones for Which|En| <1,

E, =

In Figure 6 to Figure 10 the bias of each participant (x;-X) is plotted and error bars are
used to show the value of denominator of equation Z(JUXZi +U 2 ) These plots represent also

the En-score evaluations where, considering the E, criterion (|En| <1), all results with error

bars crossing the x-axis are satisfactory. Reported standard uncertainties (Annex A) that
are larger than the “standard deviation for proficiency assessments” (c,, Table 4) are
considered not fit-for-purpose and are denoted with “*” in the x-axis of each figure. The
En evaluation showed few unsatisfactory results for different parameters and
concentrations, as reported in table 5.

Table 5: Unsatisfactory results according to En-score.

Parameter Lab Code Value Run En En evaluation
NO C 291,43 NO 9 -1,1 unsatisfactory
NO C 193,93 | NO _10 -1,1 unsatisfactory
NO F 67,58 NO 2 -1,4 unsatisfactory
NO F 32,71 NO 3 -1,3 unsatisfactory
NO F 59,73 NO 5 -2,2 unsatisfactory
NO F 24 NO 6 -1,3 unsatisfactory
NO F 469,45 NO 7 -1,8 unsatisfactory
NO F 365,37 NO 8 -1,7 unsatisfactory
NO F 285,44 NO 9 -2 unsatisfactory
NO F 127,79 NO 1 -2,2 unsatisfactory
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Figure 6: Bias of participant’s SO, measurement results.
Expanded uncertainty of bias for each run is presented as error bar. For each evaluation is given the run number (from 0 to 5) and the participants rounded run average
(nmol/mol). The **' mark indicates reported standard uncertainties bigger than op. Laboratory B and D didn’t reported results for this pollutant.
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Figure 7: Bias of participant’s CO measurement results
Expanded uncertainty of bias for each run is presented as error bar. For each evaluation is given the run number (from 0 to 5) and the participants rounded run
average (pmol/mol). The **" mark indicates reported standard uncertainties bigger than op.
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Figure 8: Bias of participant’s O3 measurement results
Expanded uncertainty of bias for each run is presented as error bar. For each evaluation is given the run number (from 0 to 5) and the participants rounded run average
(nmol/mol). The **" mark indicates reported standard uncertainties bigger than op.

63
L
L]
|lld 9
9
0
q
18
a
0
0
H
17,9
a
115.6
92
0
a
18
1
114.1
9
6
L]
1
113.5
9
-0,
1
L
1
0.5

N
@
|

{(xi=>¢(nmol/mol), O3
—
rre—
]
-
P— |
i
1
S—
—|
G
—
I
|

bias=(xi

—e
—

| AR A e

o
=
%]
w
e
n
o
=
n
w
S
n
o
=
L8]
w
S
n
o
=
L8]
w
b
n
o
=
~n
w
-
n
o
=
3]
w
=
w
o
=
L]
w
=
w

16



Figure 9: Bias of participant’s NO measurement results
Expanded uncertainty of bias for each run is presented as error bar. For each evaluation is given the run number (from 0 to 10) and the participants rounded run average
(nmol/mol). The **' mark indicates reported standard uncertainties bigger than op.
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Figure 10: Bias of participant’s NO, measurement results
Expanded uncertainty of bias is presented as error bar for NO2 run numbers 0, 2, 4, 6, 8 and 10 (see Table 3). For each evaluation is given the run number and the

participants rounded run average (nmol/mol). The **’ mark indicates reported standard uncertainties bigger than op.
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6. Performance characteristics of individual laboratories

Individual participants’ biases were evaluated and are presented in chapter 5.2
(Figure 6 - 10). Since the results of NO> runs 0, 1, 3, 5, 7 and 9 were not treated
in proficiency evaluation the bias of these runs are presented in Figure 11.

Figure 11: Bias of participant’s NO, measurements with error bars representing expanded
uncertainty for run numbers 0, 1, 3, 5, 7 and 9. Within these test gas mixtures there is no gas
phase titration to produce NO; (see table 3). For each evaluation is given the run number and the

(xi->)/(nmol/mol), NO2

bias=

0.6 1

participants rounded run average (nmol/mol).

-6.6

-13.8 1

-21

6.1 Converter efficiencies of NO>-to-NO for NOX analysers

Since NO and NO; test gases were produced by gas phase titration, it is possible
to evaluate the efficiency of the NO,-to-NO converter of each participant’s NOx
analyser. The evaluation takes each participant’s NO and NO; measurements
before and after oxidation by Os. However, possible minor instabilities in the
preparation of the test gas mixtures were not taken into account. The converter
efficiency (a) is calculated using Equation 3 [4]:

o2} ~[No2]., |
Nol,-[no),
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Ideal value for a is 100%. The evaluation of equation 3 for each participant at
different concentration levels are given in Table 6. The results are all acceptable.

Table 6: Efficiency of NO>-to-NO converters.

Lab code | NO2 nmol/mol o (%) Lab code NO2 nmol/mol a (%)
65 100,1 65 100.0

20 99,8 20 100.0

A 40 100,0 E 40 1001
110 100,0 110 99.8

100 99,7 100 1002

65 100,0 65 103,1

20 99,5 20 97.9

B 40 99,7 F 40 99,9
110 100.2 110 100.7

100 99,3 100 100,6

65 99,7 65 100,1

20 98,7 20 99,5

c 40 100.4 G 40 99,9
110 95,8 110 1004

100 99,0 100 100,0

65 100.7 65 100,7

20 98,1 20 99,6

D 40 99,6 H 40 1005
110 1001 110 102,0
100 100,7 100 101,6
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7. Discussion

For a general assessment of the quality of each result a decision diagram was
developed (Figure 12) that results in seven categories (1 to 7). The general
comments for each category are:

>
>

>

Satisfactory Reported nsatisfactory

Satisfactory Insatisfactory

1: measurement result is completely satisfactory

2: measurement result is satisfactory (z'-score satisfactory and En-
score satisfactory), but the reported uncertainty is too high

3: measured value is satisfactory (z'-score satisfactory) but the
reported uncertainty is underestimated (En-score unsatisfactory)

4: measurement result is questionable (z'-score questionable), but
due to a high reported uncertainty can be considered valid (En-score
satisfactory)

5: measurement result is questionable (z'-score questionable and En-
score unsatisfactory)

6: measurement result is unsatisfactory (z'-score unsatisfactory) but
due to a high reported uncertainty can be considered valid (En-score
satisfactory)

7: measurement result is unsatisfactory (z’-score unsatisfactory and
En-score unsatisfactory)

Figure 12: Decision diagram for general assessment of proficiency results.

Satisfactory Unsatisfactory

z'-score?

Questionable

Satisfacto Wpsatisfactory
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The results of the ILC were assigned to categories according to the diagram given
in Figure 12 and are presented in the following Table 7. All the results are explained
in paragraph 9.

Table 7: General assessment of proficiency results.

“n.r.” is referring to values not reported.

run |Ref. conc. ILC code

numb level A B C D E F H

= 0 0,002 1 1 1 1 1 1 1
= 1 2,839 1 1 1 1 1 1 1
> 2 8,649 1 2 1 1 1 1 1
E[ 3 [ 508 [ 2] 2 a1 1]
o 4 2,028 1 1 1 1 1 1 1
© ™5 [ 0909 | ¢ | 2 | 2] 2|21z
0 0,12 1 2 2 1 1 1 1

1 137,65 1 2 1 1 1 5 1

2 71,87 1 2 1 1 1 3 1

> 3 35,82 1 2 1 1 1 3 1
% 4 | 1700 | 12 | 2 [ 2 | 2 | 1| 1] 1
£ 5 66,06 1 2 1 1 1 5 1
= 6 26,77 1 2 1 1 1 3 1
S 7 | 492,97 1 2 1 1 1 3 1
8 383,60 1 2 1 1 1 3 1

9 302,36 1 2 3 1 1 3 1

10 | 201,22 1 2 3 1 1 3 1

= 0 0,01 1 2 2 1 1 1 1
= 2 66,20 1 1 1 1 1 5 1
g 4 18,89 1 1 1 1 1 1 1
= 6 39,44 1 1 1 1 1 5 1
S 8 117,08 1 2 1 1 1 5 1
z 10 | 104,86 1 2 1 1 1 5 1
~ 0 -0,06 2 2 1 1 1 1 1
2 [ 1 ] 6360 | 1 1 1 1 1 1 1
3 2 18,25 1 1 1 1 1 1 1
= 3 33,80 1 1 1 1 1 1 1
:5: 4 114,25 1 2 1 1 1 1 1
5 89,29 1 2 1 1 1 1 1

= 0 0,12 1 n.r. 2 n.r. 1 1 1
S 1 122,10 1 n.r. 1 n.r. 1 1 1
g 2 64,21 1 | nr 1 | nr 1 1 1
E 3 37,92 1 n.r 1 n.r 1 1 1
o 4 18,13 1 n.r 1 n.r 1 1 1
n 5 10,08 1 | nr 2 | nr 1 1 1
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8. Assigned values

The assigned values of tested concentration levels (run) were derived from ERLAP’s
measurements which are calibrated against the certified reference values of CRMs
and are traceable to international standards. In this perspective the assigned
values are reference values as defined in the ISO 13528 [13].

To foster its reference function ERLAP is participating regularly to key comparisons
of the Gas Analysis Working Group within the framework of BIPM’s CCQM.

During this ILC ERLAP’s SO,, CO and NO analysers were calibrated according to
the methodology described in the ISO 6143 [6]. Reference gas mixtures were
produced from the primary reference materials (produced and certified by NMi Van
Swinden Laboratorium) by dynamic dilution method using mass flow controllers
[8]. All flows were measured with a certified molbloc/molbox1 system. For O3
measurements, the analysers were calibrated using the JRC SRP42 primary
standard (constructed by NIST) which has been compared to BIPM primary
standard [26]. The photometer absorption cross section uncertainty (1.06%) was
included in the uncertainty budget [27], [28].

The reference gas mixture and the calibration experiment evaluation were carried
out using two computer applications, the "GUM WORKBENCH"” [29] and “B-least”
[30] respectively. For extending calibration from the NO to NO; channel of NOx
analyser the GPT test was performed to establish the efficiency of NO;-converter.

ERLAP’s measurement results were verified by comparison to the group statistics
(x* and s*) for every parameter and concentration level of the ILC. These statistics
are calculated from participants, applying the robust method described in the
Annex C of the ISO 13528 [13]. The verification is taking into account ERLAP’s
measurement result (X) and its standard uncertainty (ux) as given in Equation 4
[13]:

|x" = X|
<2

/(1-2%*)2 +ul - Equation 4

Where x* and s* represent robust average and robust standard deviation
respectively and p is the number of participants. In table 8 all inputs for Equation
4 are given and all ERLAP’s measurement results are confirmed to be valid.

As a group evaluation robust average (x*) and robust standard deviation (s*) were
calculated (applying the procedure described in Annex C of ISO 13528) for each
run, and are presented in the following tables.
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Table 8: Verification of assigned values (X)

run

unit

X uX

X* S*

cC0O_0
co_1
CO_2
co_3
co_4
CO_5

pmol/mol
pmol/mol
pmol/mol
pmol/mol
pmol/mol

pmol/mol

0,00 0,01
2,84 0,02
8,65 0,04
5,08 0,03
2,03 0,01
0,91 0,01

0,01
2,85
8,64
5,08
2,03
0,91

0,01
0,04
0,18
0,11
0,03
0,02

NO 0
NO 1
NO 2
NO 3
NO 4
NO 5
NO 6
NO 7
NO 8
NO 9
NO 10

nmol/mol
nmol/mol
nmol/mol
nmol/mol
nmol/mol
nmol/mol
nmol/mol
nmol/mol
nmol/mol
nmol/mol

nmol/mol

0,12 0,71
137,65 1,06
71,87 0,82
35,82 0,74
17,01 0,72
66,06 0,81
26,77 0,73
492,97 2,92
383,60 2,31
302,36 1,88
201,22 1,36

0,07
137,17
71,87

35,60

16,89

65,94

26,78
493,20
384,38
302,10
201,39

0,14
0,86
0,98
0,50
0,46
0,69
0,36
2,71
1,93
0,55
0,75

NO2 0
NO2 1
NO2 2
NO2 3
NO2 4
NO2 5
NO2 6
NO2 7
NO2 8
NO2 9
NO2 10

nmol/mol
nmol/mol
nmol/mol
nmol/mol
nmol/mol
nmol/mol
nmol/mol
nmol/mol
nmol/mol
nmol/mol

nmol/mol

0,01 0,72
0,36 0,86
66,20 0,94
0,17 0,72
18,89 0,73
0,18 0,76
39,44 0,78
7,32 1,88
117,08 1,98
3,71 1,29
104,86 1,40

0,03
0,13
65,24
-0,03
18,59
0,02
39,22
4,63
114,27
2,76
103,50

0,11
0,55
1,36
0,44
0,45
0,66
0,47
5,80
4,74
2,76
1,31

03 0
03 1
03 2
03 3
03 4
03 5

nmol/mol
nmol/mol
nmol/mol
nmol/mol
nmol/mol

nmol/mol

-0,06 0,24
63,60 0,47
18,25 0,23
33,80 0,29
114,25 0,81
"114,25 0,81

0,05
63,51
18,32
33,97
114,61

0,32
0,50
0,32
0,30
1,13

Lg L L
114,61 1,13

S02 0
s02 1
S02 2
S02 3
S02 4
S02 5

nmol/mol
nmol/mol
nmol/mol
nmol/mol
nmol/mol

nmol/mol

0,12 0,50
122,10 0,82
64,21 0,62
37,92 0,54
18,13 0,52
10,08 0,51

0,05 0,15
123,59 3,25
65,04 1,83
38,30 1,08
18,21 0,42
10,05 0,17

A O OO O) OO |00 0O 00 00O 00 OO 0O 00O CO OO 0O 00O 00O 0O 00O 0O OO JOO OO 0O OO OO 0O 00O 0O OO 00O OO |JOO OO OO 0O OO 00 |T
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By comparison to the robust averages (x*) with taking into account the standard
uncertainties of assigned values (uX), and robust standard deviations (s*) as
denoted by Equation 4.

The homogeneity of test gas was evaluated from measurements at the beginning
and end of the distribution line. The relative differences between beginning and
end measurements are calculated.

2 2 -
Uy =ug. + (X -ummogem_‘iw)2 Equation 5

The upper and lower limits of bias due to homogeneity were evaluated to be
smaller than 0.5%, which constitutes the relative standard uncertainty of 0.3% of
each concentration level assuming a rectangular distribution of the bias. The
standard uncertainties of assigned/reference values (ux) were calculated with
Equation 5 and used in the proficiency evaluations of chapter 3.

All calculations about the homogeneity testing data are retained by ERLAP, they
are not published in this ILC report, but are available on request.
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9. Conclusions

The proficiency evaluation scheme has provided an assessment of the participants
measured values and their evaluated uncertainties.

In terms of the criteria imposed by the European Directive (op) 82% of the results
reported during this ILC (see Table 7) by AQUILA laboratories fall into category ‘1’
and are satisfactory both in terms of measured values and evaluated uncertainties.
Among the remaining all results presented satisfactory measured values, but the
evaluated uncertainties were either too high, category ‘2’ (11%), or too small,
category '3’ (4%). Six values were found to be questionable for z’-score and
unsatisfactory for En-score (category '5°, 3% of total values). No values were
found unsatisfactory for both value and uncertainty (category "6 and 7).

Table 9: Flags summary

Categories %

ILC Site

1 2 3 4 5 6 7

Apr-08 Ispra (IT) 68.4 18.1 7.3 1.0 1.0 2.6 1.6
Oct-08 (I) Ispra (IT) 37.9 40.8 14.2 0.6 3.6 1.0 1.9
Oct-08 (II) Ispra (IT) 34.3 38.9 23.7 1.0 2.0 0.0 0.0
Sep-09 Langen (DE) 60.8 29.9 3.1 4.1 1.0 1.0 0.0
Oct-09 Ispra (IT) 85.0 5.7 7.5 0.4 1.4 0.0 0.0
Jun-10 Ispra (IT) 84.6 8.1 4.4 0.7 2.3 0.0 0.0
Sep-11 Ispra (IT) 86.1 7.9 5.4 0.0 0.3 0.0 0.3
Oct-11 (I) Ispra (IT) 78.6 12.5 7.6 0.0 1.3 0.0 0.0
Oct-11 (II) Langen (DE) 59.4 39.9 0.0 0.7 0.0 0.0 0.0
Jun-12 Ispra (IT) 92.2 0.5 7.3 0.0 0.0 0.0 0.0
Sep-13 Langen (DE) 75.7 20.9 2.0 0.0 1.4 0.0 0.0
Sep-13 Ispra (IT) 89.4 7.3 3.3 0.0 0.0 0.0 0.0
Oct-13 Ispra (IT) 86.8 8.9 3.6 0.4 0.4 0.0 0.0
May-14 Ispra (IT) 81.8 15.2 1.1 0.0 0.7 0.0 1.1
Oct-15 Langen (DE) 73.2 23.9 0.7 1.4 0.0 0.7 0.0
Oct-15 (I) Ispra (IT) 90.2 7.6 1.6 0.3 0.3 0.0 0.0
Oct-15 (II) Ispra (IT) 75.6 10.8 7.3 0.6 3.5 0.0 2.2
Jun-16 Ispra (IT) 79.3 17.8 2.9 0.0 0.0 0.0 0.0
Jun-17 (I) Ispra (IT) 92.8 4.3 1.8 0.0 0.7 0.0 0.4
Jun-17 (II) Ispra (IT) 78.1 11.5 6.5 0.0 1.9 0.0 1.9
Jun-18 Ispra (IT) 95.6 1.3 3.1 0.0 0.0 0.0 0.0
Sep-18 Langen (DE) 59.6 40.4 0.0 0.0 0.0 0.0 0.0
May-19(I) Ispra (IT) 86.0 8.0 4.0 1.0 1.0 0.0 0.0
May-19(1I) Ispra (IT) 82.0 11.0 4.0 0.0 3.0 0.0 0.0
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As in previous ILC, the adopted criteria for high concentrations were the standard
deviations for proficiency assessment, deriving from the European Standards’
uncertainty requirements.

The reproducibility standard deviation obtained at this (Annex B) and previous ILC
[20], [21], [22], [23], [24], [25], [33], [34], [35], [36], [37], [38], [39], [40],
[41], [43], [44], [45], [46], [47] and [48] is comparable to the mentioned criteria.
On the other hand, the uncertainty criteria for zero levels were those set in
AQUILA'’s position paper [12].

In this exercise 97.5% of the results in the z’-score evaluations were satisfactory
and 2.5% questionable. The results of this ILC is in line with the performances of
previous years as shown by the following table 10.

Table 10: Z’-score summary

ILC Site Satisfactory Questionable Unsatisfactory

(%) (%) (%)

June/05 Ispra (IT) 94.7 2.3 3.0
June/07 Ispra (IT) 97.8 1.9 0.3
October/07 Essen (DE) 93.2 4.6 2.2
April/08 Ispra (IT) 93.8 2.1 4.1
October/08_1 Ispra (IT) 92.9 4.2 2.9
October/08_2 Ispra (IT) 97.0 3.0 0.0
September/09 Langen (DE) 94.3 4.7 0.9
October/09 Ispra (IT) 98.2 1.8 0.0
June/10 Ispra (IT) 97.0 3.0 0.0
September/11 Ispra (IT) 99.4 0.3 0.3
October/11 Ispra (IT) 98.7 1.3 0.0
October/11 Langen (DE) 99.3 0.7 0.0
June/12 Ispra (IT) 100.0 0.0 0.0
September/13 Langen (DE) 98.6 1.4 0.0
September/13 Ispra (IT) 100.0 0.0 0.0
October/13 Ispra (IT) 99.3 0.7 0.0
May/14 Ispra (IT) 98.1 0.7 1.1
October/15 Langen (DE) 97.9 1.4 0.7
October/15_1 Ispra (IT) 99.4 0.6 0.0
October/15_2 Ispra (IT) 93.7 4.1 2.2
June/16 Ispra (IT) 100 0.0 0.0
June/17_1 Ispra (IT) 98.9 0.7 0.4
June/17_2 Ispra (IT) 96.2 1.9 1.9
June/18 Ispra (IT) 100 0.0 0.0
Sep/18 Langen (DE) 100 0.0 0.0
May/19_1 Ispra (IT) 99.0 1.0 0.0
May/19_2 Ispra (IT) 97.5 2.5 0.0
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Comparability of results among AQUILA participants at the highest concentration
level is acceptable for all pollutant measurements.

The relative reproducibility limits, at the highest studied concentration levels, are
8.5% for SO,, 6.2% for CO, 3.0% for O3, for NO 6.1% and for NO; 12.8% all within
the objective derived from criteria imposed by the European Commission (o, see
Table 4).

During this ILC the performance of all NRL was generally satisfactory. No values
were identified as outliers.
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Annex A: The results of the ILC

In this annex are reported participant’s results, presented both in tables and
graphs. For all mixture concentration generated (run), participants were asked to
report 3 results representing 30 minutes measurement each (x;).

In this annex are presented the reported data and their uncertainty u(x;) and U(x;)
expressed in mol/mol units.

For all the runs except concentration levels 0, also average (x;) and standard

deviation (s;) of each participant are presented.

The assigned value is indicated on the graphs with the red line and the individual

laboratories expanded uncertainties (Ux;) are indicated with error bars.

Reported values for SO2

Table 11: Reported values for SO; run 0.

laboratories
values A C E F G
i, 1 0.30 01s 0.0z 018 01z
)] 051 1.25 053 0.50 0.a1
LI 1.02 250 1.20 1.00 1.01
Figure 13: Reported values for SO; run 0.
S02 concentration level 0
3.65
—~ 2254 1
=
= 0854 ]
2 ] i
£ oss- L [ !
O
® 1954
-3.35

]

——er—

[9)]

Laboratory
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Table 12: Reported values for SOz run 1

laboratories
values 1] L E F G H
¥i, 1 | 127.40 119.88 121 .42 125106 122.00 124 .56
¥i, 2 | 12760 119.89 121 67 12574 12208 124 .92
¥i, 3 | 127.80 11982 12182 125490 12223 12476
¥i| 12760 119.86 121 67 12556 12210 124.74
i 0.20 003 0.25 0.44 011 01a
)] 304 1.56 1.38 210 073 364
LI G.05 312 280 4.20 146 7.28
Figure 14: Reported values for SO; run 1.
S02 concentration level 1
143.68
- 136.2926
=]
% 128.9052 7
g 1 ) 2
—= 121.5178+ = 7 = I
3 t t [
? 1141304
106.743
A C E F G H
Laboratory
Table 13: Reported values for SO; run 2.
laboratories
values A C E F G H
xi, 1| 6730 6303 £3.91 6 21 B417 £5.52
¥, 2 ET.30 G3.06 G4 .04 EG.23 6417 E5.37
¥, 3 ET.40 6271 E4.07 EG.21 64.23 E5 .63
i | B7.33 6293 E4.00 EG.21 E4.20 E5.52
Si 0.0s 019 0.03 0.0 0.06 015
1) 1.85 1.25 0.a3 1.35 0.59 197
LI 370 250 1.80 270 147 394
Figure 15: Reported values for SO; run 2.
S02 concentration level 2
73
. 70-]
=]
S o }
= 64 t ] -l T -]t
5 t L I
61 &
58
A (o E F G H
Laboratory
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Table 14: Reported values for SO; run 3.

laboratories
values A C E F G H
¥, 1 2980 3r.og KT ey Irar 368
¥, 2 29.70 Iros T E2 883 3raz 28549
¥, 3 2980 36497 T E2 342 3ras 2872
¥l | 3876 IT.od 3T RO 8385 3raz 23 BB
=] .05 0.0& ooz 0.0s 0.0s 0.08
1) 1.30 1.25 nEa 1.00 0.s53 1.26
LI 281 2.50 1.40 2.00 1.06 252
Figure 16: Reported values for SO; run 3.
S02 concentration level 3
43
~ 412
S
= 394
o
g | ] y
S 37.6 I T_ [_ T_
? 358
34
A C E F G
Laboratory
Table 15: Reported values for SO; run 4.
laboratories
values A C E F G H
i, 1 19.00 17.54 17.94 15.44 18.13 15.44
i, 2 19.10 17 .63 17.94 15.42 18.14 15.29
i, 3 19.10 17 64 17.95 1539 18.13 15.25
¥ 19.06 17 .60 17.94 15.41 18.13 15.32
si 0.05 0.0s .00 0.0z 0.00 o0
1) 0.90 1.25 0.E1 0.75 052 079
LI 1.79 250 1.20 1.50 1.03 1.58
Figure 17: Reported values for SO run 4.
S02 concentration level 4
21
~ 19.84 .
S
=S 1864
£
=~ 174+
O
? 6.2
15 =

b=

(0]

Laboratory
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Table 16: Reported values for SO; run 5.

laboratories
values A C E F G H
i, 1 1070 973 9492 1012 10.06 10.00

¥,2 | 1070 .77 9.9 1012 10.085 10.04

¥,3 | 1070 .76 9.93 1012 10.09 1012
¥ [ 1070 .77 9.92 1012 10.07 10.05
gi| 0.0 0.m 0.0z 0.0a 0.m 0.06
L) 0.73 1.25 0.39 0.63 0.3 0.63
LIy 1.46 2:30 1.20 1.30 1.02 1.30

Figure 18: Reported values for SO; run 5.

S02 concentration level 5
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Reported values for CO

Table 17: Reported values for CO run 0.
lahoratories

values A B C D E F G H

¥,1 ] 0o 0013 0000 0015 0.006 0.066 0.00z2 -0.062

Uiy | 0035 o7y 0100 .00 oy 0.052 0009 0035
ixiy | 0.080 0134 0.200 000z 0035 0.105 o001 0116

Figure 19: Reported values for CO run 0.

CO concentration level 0

0.24
0144 1| ]
=)
£ o048 i
g f ; = } 1
2 0048 L
(@]

-0.144

0.24 _

A B C D E F G

Laboratory
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Table 18: Reported values for CO run 1.

lahoratories

values A B C D E F G H

¥,1 | 28390 2867 2882 2860 2536 269 2837 2704

¥,2 | 2590 2864 2885 2860 2835 2 556 2535 2705
¥, 3| 2500 24872 2.8 24570 2837 2653 2542 2.704

¥l [ 2883 2864 2586 2863 2837 2587 25839 2705
Si| 0.006 0003 0005 0006 .00 0.004 0003 0002
ufxi) | 0.090 0167 0400 0051 0.0 0.055 0013 navz
ixiy | ©.180 0.334 0.200 ooz o004z 01470 ooz 0144

Figure 20: Reported values for CO run 1.

CO concentration level 1

3.25
3.1+
=
£ 295 1
o
£ d & =) 3 =3
2 28~ L [ B L t
0
O
2.65-
25 —
A B € D E F G
Laboratory
Table 19: Reported values for CO run 2
lahoratories
values A B C D E F G H
i, 1 G.520 §.653 8.7 :M G.730 g.613 9.374 G.645 g.452
¥, 2| 8830 5.644 g.797 G.740 g.615 8.373 G.650 g.444
¥, 3| 8830 G637 g.795 G.740 g.613 8.378 G.650 g.445
¥ | 8827 5.645 g.795 g8.737 g.614 8.373 §.6449 g.447
Si| 0006 0.005 0.004 0.006 0.001 0.003 0.001 0.004
iy [ 049y 0.462 0.110 0157 0.0349 0143 0.034 0.147
Lxiy | 0390 0924 0.220 0314 0.ov4g 0.290 0.067 0.294
Figure 21: Reported values for CO run 2.
CO concentration level 2
9.6 =
9.22
=
£ 884 } 1
8 C -‘t | + 1
5 846 L L [ t
o
O
8.08 :
7.7 =
A B C D E F G
Laboratory
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Table 20: Reported values for CO run 3.

laboratories
values A B C D E F G H
¥, 1 51490 S.0as SABE 5140 5064 4,881 5.0 44855
¥, 2 51490 S.089 SABY 5140 S 06T 4,883 S.084 4945
¥, 3 51490 S.089 SA74 5140 S0 4,889 5085 4 855
¥ | 5180 S.0as SAE9 5140 S 06T 4,884 S.083 44853
si| 0.000 0.ooz 0004 0.00a0 0.004 0.004 .00z 0.004
1) 013z 0277 0400 0.0az 002y 0108 0.0 0.0as
LI 0.2e0 0555 0.200 01as 0.054 0212 0.044 0496
Figure 22: Reported values for CO run 3.
CO concentration level 3
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5.46 -
=
£ 5224 1 1
£ ¥ . 1 .
2 498 L L L t
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O
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45
A B € D E F G H
Laboratory
Table 21: Reported values for CO run 4.
lahoratories
values A B C D E F G H
i, 1 2070 2045 2063 2.050 209 1.935 2.030 1.903
i, 2 2070 2047 2061 2.050 2mMs 1.934 2028 1.909
i, 3 2070 2,050 2055 2.050 2Ms 1.935 2026 1.901
®¥i| 2070 2045 2061 2.050 2mMs 1.935 2028 1.904
si| 0.000 0.002 0.003 0.000 0.00 0,001 0.002 0.004
1) 0075 0130 0100 0.036 0.9 0.0vs 0011 0.065
LI 0150 0.260 0.200 0073 0.03s 0,150 0023 0130
Figure 23: Reported values for CO run 4.
CO concentration level 4
231
S 2.188 - 1
=
£ .
< 2066 | 1 4 1 3 =
£ | L & -
= 1.944 -
o
O
1.822 g
1.7
A C D E F G H
Laboratory
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Table 22: Reported values for CO run 5.

lahoratories
values A B C D E F G H
¥, 1 0820 0933 0.926 0.920 0.396 0.aa1 0.909 0.a10
¥, 2 0820 0934 0.926 0.920 0.396 0.879 0.909 0.a03
¥, 3 0820 04939 0.925 0.920 0.395 0.885 0.909 0.a03
i | 0920 0935 0.926 0.920 0.396 0.8a2 0.909 0.a09
Si| 0.000 0.003 0.001 0.000 0.001 0.003 0.000 0.001
1) 0055 0.090 0100 0160 0.01a 0.081 0010 0.059
LI 0110 0174 0.200 0.320 0.036 0122 0019 0118
Figure 24: Reported values for CO run 5.
CO concentration level 5
1.3 T
1.156 -
El
3 1.012 1 ]
£ | 3 ]
= 0.868— |_ L I B
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A D E F G H
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Reported values for O3

Table 23: Reported values for O3 run 0.

lahoratories
values A B C D E F G H
¥, 1 0.50 051 017 0.20 0.0s -0.03 -0.06 -0.44
)] 1.00 1.22 0.an 0.0z 061 0.55 0.24 0.58
LI 2.00 244 1.80 0.04 1.20 1.0 0.47 1.16
Figure 25: Reported values for O3 run 0.
03 concentration level 0
34 -
2
= &
£ 1
o
= b
E_, 0 Bt ; 1
3 { .
.1 -
_2 L
A B C D E G
Laboratory
Table 24: Reported values for O3 run 1.
lahoratories
values A B C D E F G H
i, 1 E3.45 386 416 &1 .60 5324 E2497 E3 BB E3.72
i, 2 E3ES B3935 E4.14 E2.70 B3.23 E3.03 B350 E3.84
¥, 3 E355 E3.83 B4 .05 £3.40 B3.25 E2497 B3 55 E3.88
¥ | B3.55 E3.87 B4 .11 E25E 5324 E2.99 E3 60 B3.81
=] o0 0.0s 0.0s 0.a0 0.m 0.0z 0.05 0.0s
KD 1.48 217 1.03 1.08 0.94 1.20 0.42 1.76
LI 2485 4354 205 218 1.90 240 0.85 352
Figure 26: Reported values for O3 run 1.
O3 concentration level 1
69
66.6
= ~ »
£ 6424 7
S L
£ 6184 L f g
o L
s L
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A B C D E G
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Table 25: Reported values for O3 run 2.

lahoratories

values A B C D E F G H

¥, 1| 15854 1565 15.51 17.80 15.24 1815 15.31 18.25
¥, 2| 1554 1867 15.86 15.00 15.149 1812 18.23 15.20
¥, 3| 1854 15.64 15.75 15.00 15.16 15.01 15.21 15.149

#1554 15.66 15.80 17.83 15.149 18.08 15.25 15.20

Si| 000 ooz .05 0.1 0.04 0oy 0.05 .oz
L) 1.14 1.29 0.20 0.32 064 0.75 0.23 075
LIy 228 258 1.80 0.64 1.30 1.50 0.45 1.50

Figure 27: Reported values for O3 run 2.

03 concentration level 2

22
20.7- ] ’
=
£ 1944
E ' ] 1 1
£ 1814 ' jt C
3 i
16.8 4 [ =
15.5
A B C D E F G
Laboratory
Table 26: Reported values for O3z run 3.
lahoratories
values A B C D E F G H
i, 1 34.20 3403 3437 3340 3301 3348 3381 34.02
i, 2 34.20 3416 34.39 24.00 33.69 3355 33.80 34.09
i, 3 34.20 3410 34.24 3410 3366 3360 33.78 34.01
| 34.20 3411 34.33 24.00 3368 3353 33.79 34.04
si 0.0a 0.04 .08 .10 0.02 0.07 0.01 0.04
1) 1.26 1.66 .90 061 072 0.90 0.2v 1.06
LI 251 332 1.20 1.22 1.40 1.50 0.24 212
Figure 28: Reported values for Oz run 3.
03 concentration level 3
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36.4 1
? ]
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Table 27: Reported values for Oz run 4.

lahoratories
values A B C D E F G H
¥, 1 [ 113.30 114.80 11560 115.20 114.00 113.32 114.09 11563
¥, 2 [ 112.99 11488 11577 11550 11410 11361 11425 11562
¥, 3 | 113.09 115.01 11541 116.00 114.30 113.69 11444 11594
Wil 11312 11489 11559 11556 11413 113.54 11425 11573
Si 015 010 018 0.40 015 0149 016 01a
1) 1.85 360 1.85 207 1.44 1.70 0.y4 308
LI 370 7M1 370 415 280 340 1.47 E16
Figure 29: Reported values for O3 run 4.
O3 concentration level 4
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120.4 - :
El
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Table 28: Reported values for O3z run 5.
laboratories
values A B C D E F G H
i, 1 85,73 §9.50 a0.44 9210 §9.20 5591 59.26 a0.40
i, 2 8565 §9.93 an.s1 92.30 §9.30 §9.25 59.28 an.47
i, 3 85.55 §9.54 a0.43 92.50 §9.30 8915 §99.33 an.63
¥ | G565 §9.85 a0.46 92.30 59.26 89,11 59.29 a0.50
=] 010 006 004 0.20 0.0s 013 0.03 011
1) 167 287 1.45 1.66 119 1.50 0.53 243
LI 333 574 259 3.32 240 3.00 1.16 456
Figure 30: Reported values for Oz run 5.
O3 concentration level 5
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Reported values for NO

Table 29: Reported values for NO run 0.

laboratories
values 1] B C D E F G H
i, 1 0.0a 0.20 -0.08 0.20 0.0z 013 012 017
1) 050 256 1.25 0.0z 0.58 0.50 0.7 058
LI 1.00 513 250 0.04 1.20 1.00 1.42 116
Figure 31: Reported values for NO run 0.
NO concentration level 0
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Table 30: Reported values for NO run 1.
laboratories
values A B C D E F G H
¥, 1 [ 137.50 136.99 13475 13630 13872 127 BE 137 61 13737
¥, 2 [ 13760 13691 13596 13690 13882 127.85 137 61 137 63
¥, 3 | 137.80 137 .06 13619 13690 138.81 127 .86 13773 13774
¥ | 13763 13603 13563 13670 13878 127.79 137 65 13758
=] 015 007 ors 0.34 0.0s 041 0.06 014
1) 384 6.50 247 248 1.4 2.00 0.93 261
LI TE4a 13.00 4.34 402 260 4.00 1.96 5.22
Figure 32: Reported values for NO run 1.
NO concentration level 1
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Table 31: Reported values for NO run 2.
laboratories

values A B C D E F G H

¥, 1| 7210 71.88 .14 71.20 7285 BY .25 .74 Tae
¥, 2| 7210 .80 71.25 71.40 7302 BY .52 .54 T2a7
¥, 3| 7210 71.89 71135 7150 73149 E7 .83 v2.02 310

® [ 72410 1.89 A7 7136 73.05 BY .57 .86 7286
Si| 000 o.os 006 015 01z 0.32 014 014
L) 2.54 403 1.25 1.29 .85 1.30 0.7a 1.49
LIy 4 67 g.07 2450 2.58 1.70 260 1.29 24895

Figure 33: Reported values for NO run 2.
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Table 32: Reported values for NO run 3.
laboratories
values A B C D E F G H

¥, 1| 3570 F2.93 3506 Fa.20 36.31 F2.80 Jo.g2 Fa.09
¥, 2| 3580 a7 3210 Fa.30 J6.28 J263 Jo.04 F2.61
¥, 3| 3550 F2.94 Ja. Fa.30 36.34 320N Ja.80 Fa.BS

¥l | 3576 Jo.88 Ja12 Ja26 36.31 320N Jo.g2 F2.61
si| 0.0s 009 o7 0.03 003 0.03 0.0z 0.03
LD} 1.50 299 1.23 0.64 066 0.90 073 =
iy 3.00 297 2350 1.28 1.30 1.80 1.47 1.82

Figure 34: Reported values for NO run 3.
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Table 33: Reported values for NO run 4.

lahoratories

values A B C D E F G H

¥,1| 1680 17.08 16.65 16.50 17.3: 15.20 17.02 17.33
¥,2 | 1680 17.11 16.62 16.70 17.32 1522 17.02 17.39
¥, 3| 1640 17.05 1655 16.50 17.36 15.54 17.00 17.42

® [ 1680 17.08 16.61 16.56 17.33 15.25 17.M 17.38
Si| 000 0. 0.03 0.1 0.0z 0oy 0.01 0.04
L) 1.07 2E6 1.25 0.30 0.0 0.7a 0.7z 0&Y
LIy 214 532 2450 0.60 1.20 1.40 1.43 1.34

Figure 35: Reported values for NO run 4.
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Table 34: Reported values for NO run 5.
lahoratories
values A B C D E F G H
i, 1 GE.40 GE.39 G494 G6.00 BE.97 59.54 GE.05 65.47
¥, 2 | BB.30 GE.36 G4 .91 G6.00 67.04 287 GE.07 6577
¥, 3 | BE.40 GE 46 G4 86 6580 67.03 5965 GE.07 B5.72
¥l | BEB.36 GE.40 G4.90 6593 G7.01 2873 GE.06 65.65
si 0.05 0.05 0.04 0.1 0.03 0.09 0.m 016
1) 2M 385 1.25 119 0.az2 1.20 0.78 1.35
LI 4.41 770 250 238 160 240 1.56 270
Figure 36: Reported values for NO run 5.
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Table 35: Reported values for NO run 6.

laboratories
values A B C D E F G H
¥, 1 2650 2676 2645 2650 2725 23482 2659 2740
¥, 2 2670 26 96 2873 26 B0 2T 456 24.00 2681 2757
¥, 3 2640 219 2BE2 26 B0 2T 56 2407 269 2741
¥l | 2670 26497 266D 2656 2742 234849 2677 2T 46
=] 0.20 0. 014 0.0s 015 0.o7 016 0.0a
1) 1.24 281 1.25 0.4a 0g2 0.aa 073 07a
LI 2.548 563 2.50 0.98 1.20 1.60 1.45 1.56
Figure 37: Reported values for NO run 6.
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Table 36: Reported values for NO run 7.
lahoratories
values A B C D E F G H
¥, 1 | 496.30 493.74 455,05 42550 493.44 469.01 49273 491 .97
¥i, 2 | 496.70 494 21 457 93 49550 493,74 46931 49294 49227
¥i, 3| 48710 494 49 455.21 49570 49378 470.04 493.24 49392
¥i| 496.70 494 14 437.07 49550 493 65 469.4% 492 97 49272
si 0.40 037 1.61 0.20 01s 0.53 0.25 1.05
1) 12.32 2194 7.7e g.a2 4.23 G.00 252 912
LI 24 65 4388 1559 17.54 g.20 12.00 5.04 18.24
Figure 38: Reported values for NO run 7.
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Table 37: Reported values for NO run 8.

laboratories
values A B C D E F G H
¥, 1 | 386.90 38562 Iraas 38610 284 54 6592 38359 84 85
¥, 2 | 386.70 38524 7546 385490 a83.82 36521 38336 28596
¥, 3 | 386.30 3850 IT3Ta 3B570 28376 64 97 38384 285
¥l | 38663 38529 3TE.00 385490 284 .04 JE5.36 38359 8534
=] 0.30 0.30 258 0.20 043 0.44a 0.24 0.56
1) a.7a 1743 6.02 6.94 3.30 470 2.0 Ti5
LI 1959 3427 1203 1388 G.60 9.40 4.0 1430
Figure 39: Reported values for NO run 8.
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Table 38: Reported values for NO run 9.
lahoratories
values A B C D E F G H
¥i, 1 | 30260 301.87 29213 301.90 0237 28457 0221 30116
¥i, 2 | 30260 30225 291 64 302.90 a02.58 28560 0247 302,20
¥i, 3 | 302.80 30259 29051 30210 302.54 285.56 30241 301 63
®i | 30266 302.24 291.42 302,350 30259 285.44 0256 301 BE
si 011 0.36 053 0.52 0.23 0.51 013 022
1) 764 13.51 4 66 2.44 263 3.80 1.64 561
LI 1525 270z Q.33 1085 5.30 7.0 3.29 11.22
Figure 40: Reported values for NO run 9.
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Table 39: Reported values for NO run 10.

lahoratories
values A B C D E F G H
¥, 1 [ 20240 201 86 194 .50 20180 202 41 189.81 201 56 20281
¥, 2 [ 201.60 20 .26 19357 201.30 201.90 189.00 0112 20279
¥i, 3 | 201.40 20 .26 19373 201.00 201.70 189.00 20089 20245
| 201.70 201 .49 19393 201368 202.00 189.27 01 22 202 63
Si 0.36 040 049 0.40 0.36 046 0.29 0.20
1) 5.32 919 310 362 1.81 270 1.22 374
LI 1064 18.37 6.21 T.25 360 540 244 758
Figure 41: Reported values for NO run 10.
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Reported values for NO>

Table 40: Reported values for NOz run 0.

lahoratories
values A B C D E F G H
i, 1 010 -0.39 0.0z 0.20 0.09 0.03 0.m -0.08
1107 0.1 1.02 1.25 0.0z 0.E9 0.50 0.7 053
LI 1.42 204 250 0.04 1.40 1.00 1.43 116
Figure 42: Reported values for NO; run 0.
NO2 concentration level 0
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Table 41: Reported values for NOz run 2.
laboratories
values A B C D E F G H
i, 1 65.30 6532 BE.79 6520 BE.21 E1.26 GE .31 63.91
¥, 2 | B5.30 65.44 BE.70 65.10 BE.25 E0.E3 GE.22 £3.39
¥, 3 | 6550 6527 BE.53 65.20 GE.10 E0.97 GE.07 6312
¥ | B5.36 65.34 BB E7 G516 GE.18 E0.97 GE.20 63.47
si 0.1 0.0s 013 0.05 n.or 0.29 012 0.40
1) 215 222 1.25 147 123 1.50 0.9 1.36
LI 4.30 4.44 250 234 250 3.00 1.83 272
Figure 43: Reported values for NO; run 2.
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Table 42: Reported values for NOz run 4.

lahoratories

values A B C D E F G H

¥,1| 1350 15.32 15.95 15.80 19.14 16.85 15492 17.67
¥, 2| 1870 15.22 15.85 15.60 1912 16.74 15.90 17.77
¥, 3| 1870 1513 15.82 15.70 19.05 16.56 15.85 17.66

A B = e 15.22 15.86 15.70 19.11 16.71 15.589 17.70

si| 005 o.os .05 010 .03 014 0.035 0.06
L) 0.94 0.76 1.25 0.54 076 050 0.73 065
LIy 1.89 152 2450 065 1.50 1.60 1.46 1.36

Figure 44: Reported values for NOz run 4.
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Table 43: Reported values for NO; run 6.
lahoratories
values A B C D E F G H
i, 1 39.70 3927 39.52 39.40 40.02 35.29 3963 3741
Wi, 2 | 39.50 35.97 39.45 3910 39.52 3522 39.40 37.60
¥, 3| 39.30 35.67 381 39.00 39.73 3511 39.30 37.69
i | 3950 35.97 39.40 3916 39.85 35.20 39.44 37.56
si 0.20 0.30 016 0.20 014 0.03 016 014
)] 1.78 0.85 1.25 0.yo 0483 1.10 0.7y 093
LI 3.56 1.7 250 1.40 1.80 220 1.55 1.86
Figure 45: Reported values for NO; run 6.
NO2 concentration level 6
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Table 44: Reported values for NO; run 8.

lahoratories
values A B C D E F G H
¥, 1 | 109.60 11724 12017 11360 116.20 106.70 11673 111.29
¥, 2 [ 110.00 117 56 119.72 113.80 M7 11 107 .44 117.06 11110
¥, 3 | 110,30 117.87 119.56 113.80 116.92 107.93 117 .46 111
®i | 109.95 117 .55 11981 11373 116.74 107.35 117.08 11113
Si 0.35 0.3 0.3 0.11 043 061 0.36 014
1) 318 537 1.92 2.04 1.80 2.30 1.895 228
LI 6.36 10.73 383 4.08 380 4 60 3.89 456
Figure 46: Reported values for NOz run 8.
NO2 concentration level 8
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Table 45: Reported values for NO; run 10.
laboratories
values A B C D E F G H
¥i,1 | 100.20 10396 103.40 104.00 104,11 97 .06 104 56 100.34
¥i, 2 | 100,60 104 .40 10369 10410 104 67 97 .39 104 96 10117
¥i, 3 | 10070 104 .55 103.85 104 .40 104,76 97 56 105.07 100.41
¥i | 10030 10430 10364 10416 104 .51 97 .33 104 .86 100.64
=] 0.26 030 022 0.20 0.35 0.25 0.26 0.4
1) 3.00 439 1.66 1.87 1.74 210 1.36 2.0
LI G.00 8.y5 332 374 3.80 4.20 273 4.02
Figure 47: Reported values for NO; run 10.
NO2 concentration level 10
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Annex B: precision of standardised measurement methods

For the main purpose of monitoring trends between different ILC undertaken by
ERLAP, the precision of standardized SO,, CO, O3z and NOx measurement methods
[2], [3]1, [4] and [5] as implemented by NRLs, was evaluated.

Applied methodology is described in ISO 5725-1, 5725-2 and 5725-6 [14], [15]
and [16]. The precision experiment has involved a total of nine laboratories, the
actual number of labs (pj) is reported in Table 46. Six concentration levels (for run
0 only one value is requested so repeatability cannot be evaluated) were tested
for O3, CO, SO, and NOz, and eleven for NO. Outlier tests were performed and
results are reported in Annex D.

The repeatability standard deviation (s,) was calculated in accordance with ISO
5725-6 as the square root of average within-laboratory variance. The repeatability
limit (r) is calculated using Equation 6 [16]. It represents the biggest difference
between two test results found on an identical test gas by one laboratory using
the same apparatus within the shortest feasible time interval that should not be
exceeded on average more than once in 20 cases in the normal and correct
operation of method.

F =195, -\/§~Sr Equation 6

The reproducibility standard deviation (sr) was calculated in accordance with ISO
5725-6 as the square root of sum of repeatability and between-laboratory
variance. The reproducibility limit (R) is calculated using Equation 7 [16]. It
represents the biggest difference between two measurements on an identical test
gas reported by two laboratories, which should not occur on average more than
once in 20 cases in the normal and correct operation of method.

R =145, -\/E-SR Equation 7

The repeatability standard deviation was evaluated with (pj *(3-1)) degrees of
freedom (v) and reproducibility standard deviation with (pj-1) degrees of freedom.
The corresponding critical range student factors (t,,) are reported in Table 46.

Table 46: Critical values of t used in the repeatability (r) and reproducibility (R) evaluation.

t critical value t critical value
parameter run Pi 95% for r 95% for R
Cco 1,2,3,4,5 8 2,120 2,365
NO 1,2,3,4,5,6,7,89,10 | 8 2,120 2,365
NO:2 2,4,6,8,10 8 2,120 2,365
Os 1,2,3,4,5 8 2,120 2,365
SOz 1,2,3,4,5 6 2,179 2,571
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The repeatability (r) and reproducibility (R) limits of measurement methods are
presented from Table 47 to Table 51 and from Figure 48 to Figure 52. Also reported
is the ‘reproducibility from common criteria (R (from op))’ calculated by
substituting sr in Equation 7 with a ‘standard deviation for proficiency assessment’
(see Table 4). Comparison between R and R (from cp) serves to indicate that o; is
realistic [13] or from the other point of view, that the general methodology
implemented by NRLs is appropriate for op.

Table 47: The R and r of SO, standard measurement method.

SO; data (nmol/mol) without outlier
group average repeatability limit : r reproducibility limit : R repro((:l;gg\ilg )t
0,1 0,6
10,1 0,1 1,2
18,2 0,2 1,8
38,3 0,2 3,6
65,0 0,3 5,9
123,6 0,7 10,5 8,5%

Figure 48: The R and r of SO, standard measurement method as a function of concentration.
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—— Reproducibility R = Repeatabilityr = R (from op)
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Table 48: The R and r of CO standard measurement method.

CO data (umol/mol) without outlier

group average repeatability limit : r reproducibility limit : R repro(c::gg\i:g s
0,006 0.117
0,900 0,005 0,136
2,014 0,006 0,205
2,823 0,012 0,27
5,072 0,01 0,353
8,636 0,014 0,532 6.2%

Figure 49: The R and r of CO standard measurement method as a function of concentration.
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Table 49: The R and r of O3 standard measurement method.

O3 data (nmol/mol) without outlier

group average repeatability limit : r reproducibility limit : R repro((:ggg\i:g )t
0,1 11
18,3 0,2 1,0
34,0 0,2 0,9
63,5 1,0 1.9
89,9 0.4 3.9
114.6 0,6 3.4 3.0%

Figure 50: The R and r of O3z standard measurement method as a function of concentration.

12 —r . S S
_f'/.—.
10 e S - - e —
) /_,,—"//
© 3 e
E e
3 ~a
o e
E o
= > i
@ 4 e R U
- o S e
|~ /_/ —
2+ R “""/
O W
0.07 20.07 40.07 60.07 80.07 100.07
O3 concentration (nmol/mol)
—— Reproducibility R = Repeatabilityr = R (from op)

60




Table 50: The R and r of NO standard measurement method.

NO data (nmol/mol) without outlier

group average

repeatability limit : r

reproducibility limit : R

reproducibility limit

(relative)
0,1 04
16,8 0,2 23
26,6 0,4 3.7
35,3 0,2 3.7
65,3 0,3 7.7
715 0,5 5.8
136,1 1.0 11,7
199,2 1.2 16,4
298,8 1.4 22,2
381,5 3,0 24,7
490,3 22 29,8 6,1%

Figure 51: The R and r of NO standard measurement method as a function of concentration.
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Table 51: The R and r of NO; standard measurement method.

NO data (nmol/mol) without outlier

group average repeatability limit : r reproducibility limit : R repro((:glczg\i:g T
0,0 0,6
184 0,2 27
38,6 0,6 52
64.9 0,6 6.3
102,5 0,9 9,1
1142 11 14,6 12,8%

Figure 52: The R and r of NO; standard measurement method as a function of concentration.
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Annex C: scrutiny of results for consistency and outlier test

The precision evaluation (Annex C) focuses on data that are as much as possible
the reflection of every day work of NRLs and thus represents the comparability of
participant’s standard operating procedures.

For that reason, a procedure for the detection of exceptional errors (error during
typing, slip in performing the measurement or the calculation, wrong averaging
interval, malfunction of instrumentation, etc.) was applied. In this procedure were
carried out tests for data consistency and statistical outliers as described in ISO
5725-2.

Laboratories showing some form of statistical inconsistency were requested to
investigate the cause of discrepancies.

Laboratories were allowed to correct their results in case of identification of
exceptional errors. Subsequently, data were considered definitive and z’-scores
calculation was performed to estimate outliers.

Statistical outliers obtained at this stage are not considered as extraordinary errors
but due to significant difference in participant’s standard operating procedure.

During this ILC, no statistical outlier was identified.

The precision of standardised measurement methods reported in Annex B are
calculated using the database without outliers.

According to z’-score calculation, z’-score values between |2| and |3| are
considered stragglers and they deserve a specific check. Five values were
evaluated as stragglers: level 1 and 5 of NO and level 2, 6, 8 and 10 of NO; for
Laboratory F. (see Table 52)

Table 52: z'-score evaluation summary.

Code Run z'-score value z'-score evaluation
F NO 1 -2.23 questionable
F NO 5 -2.34 questionable
F NO2 _2 -2.09 questionable
F NO2 _6 -2.17 questionable
F NO2 _8 -2.50 questionable
F NO2_10 -2.21 questionable
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Annex D: Confidentiality

Results of the ILC are published according to the agreements included in the
document AQUILA-N37 [12] approved by all NRL.

In order to ensure confidentiality of the laboratories information, ERLAP
guarantees the submitted data as follows:

- Any administrative information provided by the laboratory is confidential and
cannot be communicated to a third party.

- Access to ERLAP facilities is allowed only to members of the Unit JRC-C5 and
authorized persons (cleaning staff, maintenance staff, safety and security staff
etc.)

- Confidential passwords to access the web application for data submission are
sent once the registration to ILC is completed. Confidential passwords allow
access to the WEB interface and to on-line questionnaire. Passwords are valid
until the ILC is closed. Laboratories can change their password online.

-The form LAB-REC-2000 (Confidentiality involvement form) is asked to be
signed by the participants during their first participation to an ILC organized
by ERLAP.
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The accreditation certifies the technical cormpetance of the onganisastion fimibed o the scope detailed in the attached Encloswne.
The pracent certifcate I walid anly ¥ associaled [o the annaxed schadule, that may vany in Ehe time
Confirmatian of the vandity of accreditation can be werifiad an wabsite wiww, aooredia. it ar by cantacting the relevant Departimant.

0. 101

Sede aperativa @ legale: Vis Gugliekme Saliceto, 7/9 | 00161 Roma - Raly | Tel. +39 06 B440991 | Fax +39 06 BB41199
Info@acoredia it | wwewaccredea. it | Partita IVA - Codlce Flscale 10566361001

65



[

L'ENTE ITAL M £ MECAF TARERIEY
]

European Reference Laboratory for air Pollution (ERLAP)

Via E, Fermi 2749
21027 Ispra VA

Numero di accreditamento: 0018 P Sede A

Revisione: 0 Data: 17/01/2019

pag. 1di 1 UNI CEI EN ISO/IEC 17043:2010

ELENCO SCHEMI ACCREDITATI - CATEGORIA: 0

Codice identificativo Settore Oggetto /Materiale/ Misurando/ Proprieta misurata/ Tipalogia
Prodotto/Malrice Grandezza
ambientale purified ambient air carbon monoxide schema gquantitativo
ambientale purified ambient air nitrogen oxides schema guantitative
ambientale purified ambient air azone schema guantitativo
ambientale purified ambient air sulphur dioxide schema quantitativa

Il QReede consente di accedere direttamente al sito www.accredia.it per verificare |a validitd dell'elenco schemi e del certificato

di acereditamento rilasciato al PTP.

L'eventuale simbelo (*) indica che & attiva una sospensione dell’accreditamento per la specifica attivita riportata a fianco
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Membro degli Accordi di Mutuo Riconascimento EA, IAF e ILAC
Signatory of EA, IAF and ILAC Mutual Recogrition Agreements

CERTIFICATO DI ACCREDITAMENTO
Accreditation Certificate

Accreditamento n°®
Accreditation n° 1362 Rev. 1

midichiarache  European Reference Laboratory for Air Pollution
o (ERLAP) Air and Climate Unit
Directorate C.Energy,Transport and Climate

Joint Research Centre -European Commission
Sede/Headquarters:
- Via E. Fermi 2749 - 21027 Ispra VA

& conforme ai requisiti  yN| CEI EN ISO/IEC 17025:2005 "Requisiti generali per la competenza dei
dellanorma | ghoratori di prova e taratura”

meets the requirements EN ISO/IEC 17025:2005 "General Requirements for the Competence of Testing
of the standard and Calibration Laboratories" standard

quale Laboratorio di Prova
as Testing Laboratory

L'accreditamento attesta la competenza tecnica del Laboratorio relativamente allo scopo riportato nelle
schede allegate al presente certificato. Le schede possono variare nel tempo. | requisiti gestionali della
ISO/IEC 17025:2005 (sezione 4) sono scritti in un linguaggio idoneo all’attivita dei Laboratori di Prova, sono
conformi ai principi della ISO 8001:2008 ed allineati con i suoi requisiti applicabili.

Il presente certificato non & da ritenersi valido se non accompagnato dalle schede allegate e pud essere
sospeso o revocato in qualsiasi momento nel caso di inadempienza accertata da parte di ACCREDIA.

La vigenza dell'accreditamento pud essere verificata sul sito WEB (www.accredia.it) o richiesta direttamente
ai singoli Dipartimenti.

The accreditation certifies the technical competence of the laboratory limited to the scope detailed in the
attached Enclosure. The scope may vary in the time. The management system requirements in ISO/IEC
17025:2005 (Section 4) are written in a language relevant to dei Laboratori di Prova operations and meet
the principles of 1ISO 9001:2008 and are aligned with its pertinent requirements.

The present certificate is valid only if associated to the annexed schedule, and can be suspended or
withdrawn at any time in the event of non fulfiment as ascertained by ACCREDIA.

The in force status of the accreditation may be checked in the WEB site (www.accredia.it) or on direct
request to appointed Department.

Data di 12 emissione Data di modifica Data di scadenza
1st issue date Modification date Expiring date
2013-06-19 2017-05-24 2021-06-17

S&mﬁw/\\

il Direttore di Dipartimento

idehte
The Department Director The President
(Dott.ssa Silvia Tramontin) (Dr. Filippo Trifiletti) Ing. Giuseppe Rossi)

Mod. CA-01 rev. 02 Pag.1di1

S ACCREDIA

Sede operativa e legale: Via Guglielmo Saliceto, 7/9 | 00161 Roma - Italy | Tel. +39 06 8440991 | Fax +39 06 8841199
info@accredia.it | www.accredia.it | Partita IVA - Codice Fiscale 10566361001
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Europs R{mﬂu Laboratory for Alr Pollution (ERLAP) Alr | Nymero di accreditamento: 1362 Sede A
Directorate C ,Transport and Climate 2

Joint Research re -European Commission Revisione: 2 Data: 24/05/2017

Via E. Fermi 2749 :

21027 Ispra VA Scheda 1 di 1 PA1779AR2.pdf
ELENCO PROVE ACCREDITATE - CATEGORIA: 0

Ambilent Air

Denominazione della prova / Campi di prova Metodo di prova

Particulate Elemental Carbon (EC) (0.2 to 16 pg/m?) EN16908:2017

Particulate Matter <10 micrometers (PM10) (3.85 to 150 pg/m3 ) EN 12341:2014

Particulate Matter <2.5 micrometers (PM2.5) (3.48 to 120 pg/m3) EN 12341:2014

Particulate Organic Carbon (OC) (1.8 to 45 yg/m?) EN16809:2017

Synthetic mixture gas

Denominazione della prova / Campi di prova Metodo di prova

carbon monoxide (0.015-86 mmol/mol) EN 14626:2012

nitrogen oxides (NO: 1-862 nmol/mol; NO2: 1-261 nmol/mol) EN 14211:2012

ozone (1-250 nmol/mol) EN 14625:2012

sulphur dioxide (1-376 nmol/mol) EN 14212:2012

Legenda
En= norma europea

AOCREDIA

Firmato di
Data:26/0

sente elenco delle prove accreditate, coincide con la data di revisione del documento, posta in alto a destra.
Nonrilmlfuno la firma digitale sia stata apposta successivamente
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GETTING IN TOUCH WITH THE EU
In person

All over the European Union there are hundreds of Europe Direct information centres. You can find the
address of the centre nearest you at: https://europa.eu/european-union/contact en

On the phone or by email

Europe Direct is a service that answers your questions about the European Union. You can contact this
service:

- by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls),
- at the following standard number: +32 22999696, or

- by electronic mail via: https://europa.eu/european-union/contact en

FINDING INFORMATION ABOUT THE EU

Online

Information about the European Union in all the official languages of the EU is available on the Europa
website at: https://europa.eu/european-union/index en

EU publications

You can download or order free and priced EU publications from EU Bookshop at:
https://publications.europa.eu/en/publications. Multiple copies of free publications may be obtained by
contacting Europe Direct or your local information centre (see https://europa.eu/european-
union/contact en).



https://europa.eu/european-union/contact_en
https://europa.eu/european-union/contact_en
https://europa.eu/european-union/index_en
https://publications.europa.eu/en/publications
https://europa.eu/european-union/contact_en
https://europa.eu/european-union/contact_en

Publications Office
of the European Union

The European Commission’s
science and knowledge service

Joint Research Centre

JRC Mission

As the science and knowledge service
of the European Commission, the Joint
Research Centre’s mission is to support
EU policies with independent evidence
throughout the whole policy cycle.

ClhyrdC) EU Science Hub

Ot ec.europa.eu/jrc

3 @tu_scienceHub

n EU Science Hub - Joint Research Centre
m Joint Research Centre

EU Science Hub

doi:10.2760/08238
ISBN 978-92-76-12331-6
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