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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 O 3) covered by th e European Air Quality Directive
2008/50 EC [1] and its recent amendments 2015/1480/EC [42].

Two | aboratories didnét. report values for SO

The proficiency evaluati on, where each participan
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
toosmall(4 %) . Bas ed -scoreéevhlgation, 6 six valueswere found to be questionable
(3%) andnone ofthe valueswere 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 cl eaner 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 poll utants
sulphur dioxide (SO ), nitrogen dioxide (NO ;) and nitrogen monoxide (NO), particulate
matter, lead, benzene, carbon monoxide (CO) and ozone (O 3). Among others it specifies
the reference methods for measurements and Data Quality Objectives (DQOSs) for the
accuracy of measurements.

The European Commission (EC) has supported the development and publication of
reference measurement methods for CO [2], SO 2[3], NO -NO: [4]and O 3 [5] as European
standards. Appropriate calibration methods [6], [7] and [8] h ave been standardised by
the International Organization for Standardization (1ISO).

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 Join t
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 Organizat  ion 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 healthrela  ted 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 optimi se
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 organise d ILC in order to evaluat e the comparability of
measurements carried out by NRLs and promot e information exchange among the expert
laboratories. Recently, a more systematic approach has been adopted, in a greement with
the Network of National Reference Laboratories for Air Quality (AQUILA) [11], aiming to
both provide an alert mechanism for the pu rposes 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 compariso n
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 i mpstoee mmeathbds [13]t Wit the GQuncertainty
requirements for calibration gases stated in the European standards [2], [3], [4] and [5],

which are consistent with the DQOs of European Di rectives.

According to the above -mentioned document  [12] , NRLs with an overall unsatisfactory
per f or man c e-scoraevaluat®mn (@ané 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 measur ement unc e rrasdts (maaguremanteaiuese ,

3
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and uncertainties) are compared to the assigned values applying the E nl 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 201 9 to the members of the AQUILA network and the
WHO CC r epresentative. Registration was opened in April 201 9 and closed at the
beginning of May 2019 .

Every p articipants , together with the registration confirm received a detailed protocol with

all the necessary information about the ILC. Each laboratory was req uired 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 201 9, for the installation
of their equipment. The calibration of NO x and O 3 analysers was carried out next day on
Tuesday morning and the generation of NO x and O 3 gas mixtures started at 11:00.

The calibration of SO ; and CO analysers was carried out on Wednesday afternoon and the
generati on 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 Il nstitut Nsi;qliesc‘)nal de | 6Env 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 2, CO, O 3, 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]. O 3 was added
using an ozone generator and NO 2 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 ha If-hour - mean measurement was reported. The sequence programme of generated

test gasesis givenin  Table 3.



5. The evaluation of | aboratoryds measur em

To evaluate the participantds measurement proficie

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 ERLAPOs measurement resul

are pr esented in paragraph 8 . In the following proficiency evaluations, the uncertainty of

test gas homogeneity (  paragraph 8) was added t o t he uncertai

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 per f or ma-score) tests whetbea the differénzedbetween the
participants measured value and the assigned/reference value remains within the limits
of a common criterion.

The second performance indicator (E n-score) tests if the difference between the
participants measured values and assigned/reference value remains within the limits of a
criterio n, 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 Dscore

T h e - sc@re statistic is calculated according to ISO 13528 [13] as:

X - X X - X

ZI :\/5‘2+U2 \/(ao(_'_b)Z_'_uz
P X X

Equation 1

where xii s a participant és aver¥dithe assighed/eferéngervale,a ¢ h
U p 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

permi tt ed expanded uncertainty for calibrati
give instrument reading higher than the detection limit. As one of the tasks of NRLs is to

supply calibration gas mixtures, the O0stamda)d
[13] is calculated in fitness -for -purpose manner from requirements given in European
standards.
Over the whole measurement range Sp is calculated by linear interpolation between 2.5%
at the calibration point (75% of calibration range) and the i mit 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 Sp are given
in Table 4.
Table 4: Standard deviation for proficiency assessment ( Sp)-
Sp is a linear function of concentration (c) with parameters: slope (a) and intercept (b).
Sp=ac+b
Gas a b
nmol/mol
SO, 0.022 1
Cco 0.024 100
0; 0.020
NO 0.024
NO, 0.020 1

an

n

n

gase



The assessment of -soere avhldason is madd accordirmg do the following
criteri a:

1 | z6|] O2 are considered satisfactory.
T 2 < | z6| < 3 are considered questionabl e.
T | z6] O 3 are considered unsatisfactory. Scores

and are taken as evidence that an anomaly has occurred that should be
investigated and  corrected.

The r es ulstose ewmluation @re 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 z6=N2 (blue l i ne) and z6=N3 (red line).

for the questionable and unsatisfactory results.

Figure 1: Z éscore evaluations of SO , measurements
Scores are given for e ach participant and each tested concentration level (run). Run number order (with nominal

concentration) is: 0 (0 nmol/mol), 1 (1 15 nmol/mol), 2 (6 0 nmol/mol), 3 (35 nmol/mol), 4 (18 nmol/mol), 5( 10
nmol/mol). \Laboratory BandD di dndét reported results for this pollut
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Figure 2: Z éscore 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 1T mol /2l magl /AmgI8%, 7 md I (/ mo I5) ,mo3 /(mo I2)i mo4 /(mol0OP,T mdI( mol ) .
The assessment criteria
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Figure 3: Z éscore evaluations of O 3 measurements
Scores are given for each participant and each concentration level (run). Run number order (with nominal concentra

tion)
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 éscore evaluations of NO measurements

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

concentration) is: 0 (O nmol/mol), 1 (

6 (25

z'-score, NO

135 nmol/mol), 2 (70 nmol/mol), 3 (35 mol/mol), 4 (15 nmol/mol), 5 (65 nmol/mol),
nmol/mol), 7 ( 490 nmol/mol), 8 ( 380 nmol/mol), 9 ( 300 nmol/mol), 10 ( 200 nmol/mal).
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Figure 5: Z éscore evaluations of NO
Scores are given for each participant and e

is: 0 (0 nmol/moal), 1 (65 nmol/mol), 2 (20 nmol/mol), 3 (40 nmol/mol), 4 (110 nmol/moal), 5 (100
criteria

2 measurements
ach concentration level (run). Run number order (with nominal concentration)

nmol/mol). The
ar e presented as z6=N2 db I dire).
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5.2

En-score

The normalised deviations [13] (E

E =

n

Uxi

2

n) were calculated according to:

X - X

+U>2<

Equation

where X is the assigned/reference value with an expanded uncertainty
ue wilg.lsatisfattore resplts aredtieed

participant 6s
ones for which |En|<l.

aver age

v al

In Figure 6 to Figure 10 the bias of each participant (

used to show the value of

denominator of equation 2

the E »-score evaluations where, considering the E

2

Ux and x; is the

Xi-X) is plotted and error bars are
(JUX2 +U?2 ) These plots represent also

n criterion ( |En| <1),allresu lts with error

bars crossing the x -axis are satisfactory. Reported standard uncertain
istandar d

ar e |
considered

arger

notfit -for-pur pose
E. evaluation showed few unsatisfactory

t han

t he

concentrations, as reported in table 5.

Table 5: Unsatisfactory results according to En

and

ar e

results for differe

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

13

nt

-Score.

ties ( Annex A ) that

parameters and

uncer

n

devi at spoTablef4gare pr of i
d e n ot eakis af éathtfigufe *The
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Figure 6:Bi as of par tJneaspremendt @siltsS O
Expanded uncertainty of bias for each run is presented as error bar. For each evaluation is given the run number( from 0to5) and the participants rounded run average
(nmol /mol). The 6é6*6 mark indicates repor tsedabosatog nRlandDd dudoétt akepbresedbrggettshaor this poll
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Figure 7:Bi as of participantds CO measurement results
Expanded uncertainty of bias for each run is presented as error bar. For each eva luation is given the run number (from 0to5) and the participants rounded run
average (1T mol 6mdl mar Khendicates reported stansgard uncertainties
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Figure 8: Bi as of par tineasunementtreSuits O

Expanded uncertainty of bias for each run is presented as error bar. For each evaluation is given the run number (from 0to5) and the participants rounded run average
(nmol /mol). The 6é6*6 mark indicates reportsgd standard uncertainties bigger
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Expanded uncertainty of bias is presented as error bar for NO
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6. Performance characteristics of individual laboratories

Individual participan t s & bi ases waam are presénted in ehapter 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:Bi as of par tineaspramentsiwsth eNdd bars representing expanded
uncertainty for run numbers 0, 1,3,5, 7and 9. Within these test gas mixtures there is no gas
phase titration to produce NO 2 (see table 3). For each evaluation is given therun number and the
participants rounded run average (nmol/mol).
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6.1 Converter efficiencies of NO 2-t0 -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 2-to-NO converterof each participantds
anal yser. The evaluation takes ejamehsurgmantst i ci pant
before and after oxidation by O 3. 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]:

_ [no2] - [noz]

a= [NO]i_l - [NO]H QA00% Equation 3
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Ideal value for
different concentration levels are given in Table 6.

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

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

20 99,8

A 40 100,0
110 100,0

100 99,7

65 100,0

A 99,5

B 0 99,7
ALY 100,2

100 99.3

65 99.7

20 98,7

c 40 100.4
110 o5 8

100 99.0

e 100,7

e 98,1

D 40 _
e 100.1

— 100,7

20

a is 100%. The evaluation of equation 3 for each participant at

The results are all acceptable.

Lab code NO2 nmol/mol a (%)
& 100.0

20 100,0

E 40 100,1
110 0.3

. 100,2

65 103,1

20 97.9

F 40 9.9
110 1007

100 100,6

e 100,1

20 99,5

G 40 9.9
110 1004

100 100,0

65 100,7

20 99,6
H 40 1005
110 102,0
100 101,6




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:

a 1: measurement result is completely satisfactory

a 2: measur ement resul t -stose satidactonsdndEnt ory (z 6
score satisfactory ), but the reported uncertainty is too high

0] 3: measured val ue i s-scoseasatisfactory)cbutothey ( z 0
reported uncertainty is underestimated (En -score unsatisfacto ry)

a 4. measur ement resul t -Hsore quastomable)onbubl e (z 6
due to a high reported uncertainty can be considered valid (En -score
satisfactory )

a 50 measurement result -scarequestormbldandEa bt e (z 06
score unsatisfactory )

a 6: measureme nt result i s unscard unsatfsfactoty)dbuty ( z 6
due to a high reported uncertainty can be considered valid (En -score
satisfactory )

u 7: measurement resul t i-ssorewnsatigfaciory dindct ory ( z

En-score unsatisfactory )

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

Satisfactory Unsatisfactory

z'-score?

- Satisfacto Wnsatisfactory
Satisfactory Insatisfactory

Satisfactory Reported nsatisfactory
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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.

in paragraph 9.

fin.r.o

i s

referring

All the results are explained

Table 7: General assessment of proficiency results.

t

0]

val ues

not

reported.

run
numb

Ref. conc.
level

ILC code

D

CO (emol/mol)

0

0,002

2,839

8,649

5,083

2,028

0,909

NO (hmol/mol)

0,12

137,65

71,87

35,82

17,01

66,06

26,77

492,97

383,60

O[NNI |O|[~|[W|IN|R[OClO|R|W[IN|F

302,36

=
o

201,22

NO2 (nmol/mol)

0,01

66,20

18,89

39,44

o~ IN|O

117,08

=
o

104,86

Oz (nmol/mol)

-0,06

63,60

18,25

33,80

114,25

89,29

NINIEPIRPIEINININIEPIERIEINININININININININDINININIEIRININ|IEP ||

N RN RN RN R R

SOz (nmol/mol)

0,12

122,10

64,21

37,92

18,13

G hWIN|[R|O|lO|R~|W[IN|F|O

10,08
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8. Assigned values

The assigned values of tested concentration | eve
measurements which are calibrated against the certified reference values of CRMs

and are traceable to international standards. In this perspective the assigned

values are re ference 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 fr a

During this | LLCEdRIDMPahadyseS@ ere 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 control lers
[8]. All flows were measured with a certified molbloc/molbox1l system. For O 3
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 a bsorption 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, t-heaBGOM Wil
[30 ] respectively. For extending calibration from the NO to NO 2 channel of NO x
analyser the GPT test was performed to establish the efficiency of NO 2-converter.

ERLAPOGsS measur e ment erifiee dydormparisam &1the graup statistics

(x* and s*)fore very 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 v erificaton i s taking into account
measurement result ( X) and its standard uncertainty (  ux) as given in Equation 4

[13]:

) 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 ERLAPGOSs measurement results
As a group evaluation robust average ( x* ) and robust standard deviation ( s* ) were

calculated (applying the procedure described in Annex C of 1ISO 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 uXxX X* S*

CO
CcO
CO
CcO
CO
CcO

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

pmol/mol

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

0,01
0,02
0,04
0,03
0,01

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

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

NO
NO 1
NO 2
NO 3
NO 4
NO 5
NO 6
NO 7
NO 8
NO _9 nmol/mol
NO _10 nmol/mol

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

0,12 0,71 0,07 0,14
137,65 1,06 137,17 0,86
71,87 0,82 71,87 0,98
35,82 0,74 35,60 0,50
17,01 0,72 16,89 0,46
66,06 0,81 65,94 0,69
26,77 0,73 26,78 0,36
492,97 2,92 493,202,71
383,60 2,31 384,381,93
302,36 1,88 302,10 0,55
201,22 1,36 201,390,75

NO2 _0 nmol/mol
NO2 _1 nmol/mol
NO2 _2 nmol/mol
NOZ2 _3 nmol/mol
NO2 _4 nmol/mol
NO2 _5 nmol/mol
NO2 _6 nmol/mol
NO2 _7 nmol/mol
NO2 _8 nmol/mol
NO2 _9 nmol/mol
NO2 _10nmol/mol

0,01 0,72 0,03 0,11
0,36 0,86 0,13 0,55
66,20 0,94 65,24 1,36
0,17 0,72 -0,03 0,44
18,89 0,73 18,59 0,45
0,18 0,76 0,02 0,66
39,44 0,78 39,22 0,47
7,32 1,88 4,63 5,80
117,08 1,98 114,27 4,74
3,71 1,29 2,76 2,76
104,86 1,40 103,50 1,31

03 0
03 1
03 2
03 3
03 4
O3 _5 nmol/mol

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

nmol/mol

-0,06 0,24 0,05 0,32
63,60 0,47 63,51 0,50
18,25 0,23 18,32 0,32
33,80 0,29 33,97 0,30
114,25 0,81 114,611,13
"114,250,81114,611,13"

SO2 0 nmol/mol
SO2 _1 nmol/mol
SO2 2 nmol/mol
SO2 _3 nmol/mol
SO2 4 nmol/mol
SO2 _5 nmol/mol

0,12 0,50 0,05 0,15
122,10 0,82 123,59 3,25
64,21 0,62 65,04 1,83
37,92 0,54 38,30 1,08
18,13 0,52 18,21 0,42
10,08 0,51 10,05 0,17

p
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
6
6
6
6
6
6
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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 beginnin g
and end of the distribution line. The relative differences between beginning and
end measurements are calculated.

2 2 T 2 .
Uy = Uy. + (x CDlhomogeneity) 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 recta ngular 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 pr

measured values and their evaluated uncertainties.

In terms of the criteria imposed by the European Directive (

reported during this ILC (see Table 7) by AQUILA laboratories fall into category

ovided an assessment of the participants

sp) 82% of the results

and are satisfactory both in terms of measured values and evaluated uncertainties.
Among the remaining all results presented satisfactory measured values, but the

eval

uat ed

uncertai
category 6 3 @9%),( Six values were found

unsatisfactory for En  -score (category

nties

wer e
to be questionable
"5, 3% of total values

e i11%)ear toa small,
f or -sceré and
). No values were

6016

high,

found un satisfactory 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 (1) Ispra (IT) 37.9 40.8 14.2 0.6 3.6 1.0 1.9
Oct-08 (Il) 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 (1) Ispra (IT) 78.6 12.5 7.6 0.0 1.3 0.0 0.0
Oct-11 (Il) 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 11 0.0 0.7 0.0 11
Oct-15 Langen (DE) 73.2 23.9 0.7 14 0.0 0.7 0.0
Oct-15 (1) Ispra (IT) 90.2 7.6 1.6 0.3 0.3 0.0 0.0
Oct-15 (Il) Ispra (IT) 75.6 10.8 7.3 0.6 35 0.0 2.2
Jun-16 Ispra (IT) 79.3 17.8 2.9 0.0 0.0 0.0 0.0
Jun-17 (1) Ispra (IT) 92.8 4.3 1.8 0.0 0.7 0.0 0.4
Jun-17 (1) 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(1) Ispra (IT) 86.0 8.0 4.0 1.0 1.0 0.0 0.0
May-19(11) 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,
uncertainty requirements.

deriving

The reproducibility standard deviation obtained at this (Annex B)

[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 tho se set in
AQUI LAG6s position paper [12].

In this exercise 97.5% of t he r e s u-bkcorsevaluations tvare satiéfactory
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.

and previous ILC

Table 10: Z éscore summary

ILC Site Satiszf;():)tory Quest(i;)r;able Unsati?;\;:tory
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% forCO, 3.0% forO 3 forNO 6.1 % and for NO , 12.8 % all within
the objective derived from criteria imposed by the European Commission ( Sp see
Table 4).

During this ILC the performance of all NRL was generally satisfactory. No values
were identified as outliers.
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repeatability limit (ISO 5725)
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robust average (Annex C ISO 13528)

robust standard deviation (Annex C ISO 13528)

repeatability standard deviation (ISO 5725)

reproducibility standard deviation (ISO 5725)

expanded uncertainty of the assigned/reference value (1ISO 13528)
expanded uncertainty of (I130135g&rtici pa
standard uncertainty of the assigned/reference value (1ISO 13528)
assigned/reference value (ISO 13528)

average of three values reported by the participant i (for particular
parameter and concentration level) (ISO 5725)

j-the reported value of participant i (for particular parameter and
concentration level) (ISO 5725)

Z (score statistic (ISO 13528)

33



List of figures

Figure 1:  Z éscore evaluations of SO 2 measurements .........ccccvviiiiiiies ceveeeieee 10
Figure 2:  Z éscore evaluations of CO measurement S e ree e 11
Figure 3:  Z &score evaluations of O 3 MEASUrEMENES  .coovvviiiiiiiieeiiiieeiiee e sieeeens 11
Figure 4:  Z éscore evaluations of NO measurementS .. e 12
Figure 5:  Z éscore evaluations of NO 2 Measurements .......cccccvvviicniienins ceveeereenns 12
Figure6: Bi as of par tdneasprament @BSUSS O...cccccvcvvvviiiiiiiccs e, 14
Figure7: Bi as of participantds CQ..meas.ur.emendt..r.eksul ts
Figure8: Bi as of par tineaasueenttre8wts Q.......cccccvvvviiiices v, 16
Figure9: Bi as of participantds NQ..meas.ur.emendt..r.eb/ul ts
Figure 10 Bi as of par tdinteasprament @SUISN Q...ccoccvvvvviiviiiins e 18
Figure11: Bi as of par tinteaspramentsd switiNe@or bars representing

expanded uncertainty for run numbers 0, 1, 3,5, 7and 9. e e 19
Figure 12:  Decision diagram for general assessment of proficiency results. ... 21
Figure 13:  Reported values for SO 2 FTUN 0. occciiiiiiiiiiiiiieiiies e 38
Figure 14: Reported values for SO2 run 1. i e 39
Figure 15:  Reported values for SO 2 TUN 2. oocciiiiiiiiiiieciiiiee e 39
Figure 16: Reported values for SO 2 TUN 3. s e 40
Figure 17: Reported values for SO 2 TUN 4. i e 40
Figure 18: Reported values for SO 2 FTUNS. cciiiiiiiiiiies e 41
Figure 19: Reported values for CO run 0. oo e 41
Figure 20: Reported values for CO run 1. oo e s 42
Figure 21: Reported values for CO run 2. .iiiiiriiiiiiee et 42
Figure 22:  Reported values for CO run 3. s e 43
Figure 23: Reported values for CO run 4.  ..iiiiiiiiee e 43
Figure 24: Reported values for CO run 5.  .iiiiiies e 44
Figure 25:  Reported values for O 3 rUN 0. ..oooiiiiiiiiiiiiiiiies e 45
Figure 26: Reported values for O 3 rUN 1. .o e 45
Figure 27:  Reported values for O 3 TUN 2. ..o e 46
Figure 28:  Reported values for O 3 TUN 3. oo e 46
Figure 29: Reported values for O 3 FUN 4. .ot et 47
Figure 30: Reported values for O 3 FTUNS. .o e 47
Figure 31: Reported values for NO run 0. s e e 48
Figure 32:  Reported values for NO run 1. e e 48
Figure 33:  Reported values for NO rUn 2. i e 49
Figure 34: Reported values for NO run 3. s e 49
Figure 35: Reported values for NO run 4. e e 50
Figure 36: Reported values for NO rUN 5. s e 50
Figure 37:  Reported values for NO run 6. .ooiiiiiiiiiies e 51

34



Figure 38:  Reported values for NO run 7. .oiiiries e 51

Figure 39:  Reported values for NO run 8. i e 52
Figure 40: Reported values for NO run 9.  .iiiiiieiiee e e s e e 52
Figure 41: Reported values for NO run 10. .o e 53
Figure 42: Reported values for NO = 2 TUN 0. .oocciiiiiiiiiiiiciiens et 54
Figure 43: Reported values for NO = 2 TUN 2. ..o e 54
Figure 44: Reported values for NO 2 TUN 4. ..occiiiiiiiii s eeeeiee e 55
Figure 45: Reported values for NO = 2 TUN 6. ..occciiiiiiiiiiiiiciriiens e 55
Figure 46: Reported values for NO 2 TUN 8. ..o et 56
Figure 47:  Reported values for NO 2 rUN 10. ..oooviiiiiiiiiiiiiiiciiiis et 56
Figure 48: The R andr of SO : standard measurement method as a function of

CONCENIIALION.  tiiiiiiiiiiiii i et neees eeersree e nneees aeeen 58
Figure 49:  The R and r of CO standard measurement method as a functi on of
CONCENIIALION. oo e nrrees eeevnree e s eeeen 59

Figure 50: The Randrof O 3 standard measurement method as a function of
o0 o =T o 1 -1 (oo 60

Figure 51: The R and r of NO standard measurement method as a function of
CONCENIIALION. it e rrrrreees eeeeeeeee e ——— aaeaes 61

Figure 52: The R and r of NO 2 standard measurement method as a function of
CONCENIALION. oo eriiies e e e eererbree e e 62

35



List of tables

Table 1: List of participating organizations. ... e 5
Table 2: List of instruments used by participants. .. e 6
Table 3: Sequence program of generated test gases with indicative pollutant

CONCENITALIONS  cooiiiiiiiiiiiiiii s et eerree e s e e 7
Table 4: Standard deviation for proficiency assessment ( SP)e cerrrrrrrr e ————————— 9
Table 5: Unsatisfactory results according to En o0 | (= TS 13
Table 6: Efficiency of NO  2-10-NO CONVEIMEIS. ..ociiiiiiiiiiiieiieiis e 20
Table 7: General assessment of proficiency results. s e 22
Table 8: Verification of assigned values (X) i e 24
Table 9: Flags SUMMAIY oo ettt aerneee e 26
Tabl e 1sS00re SUEMINAIY .o e e 27
Table 11: Reported values for SO 2TUN O, s e .38
Table 12 : Reported values for SO 2 TUN'L oo e .39
Table 13: Reported values for SO 2 TUN 2. it e .39
Table 14: Reported values for SO 2 TUN 3o e e .40
Table 15: Reported values for SO 2TUN A, e e .40
Table 16 : Reported values for SO 2 TUNS. .ociiiiiiiiis e 41
Table 17: Reported values for CO run 0. i e .41
Table 18: Reported values for CO run 1. s e .42
Table 19: Reported values for CO rUN 2 .ooiiiiiiiciiiis eereeeee e .42
Table 20: Reported values for CO run 3. s e .43
Table 21: Reported values for CO run 4. s e .43
Table 22: Reported values for CO rUN' 5. s erreee e e, .44
Table 23: Reported values for O 3TUN O, i e .45
Table 24: Reported values for O BIUN L. s e ..45
Table 25: Reported values for O BIUN 2. e e ..46
Table 26: Reported values for O 3TUN 3. e e .. 46
Table 27: Reported values for O BIUN A s e .47
Table 28: Reported values for O BIUND. s e .47
Table 29: Reported values for NO run 0. s e .48
Table 30: Reported values for NO run 1. e avvevecsecee e .48
Table 31: Reported values for NO run 2. s e .49
Table 32: Reported values for NO run 3. i e .49
Table 33: Reported values for NO run 4. s e .50
Table 34: Reported values for NO run 5. i e .50
Table 35: Reported values for NO run 6. .ooiiiiis e .51
Table 36: Reported values for NO rUN 7. i e .51
Table 37: Reported values for NO run 8. i e .52

36



Table 38:
Table 39:
Table 40:
Table 41:
Table 42:
Table 43:
Table 44:
Table 45:

Table 46:
LAV 2= 1 LU= 11T o T

Table 47:
Table 48:
Table 49:
Table 50:
Table 51:

Tabl

Reported values for NO run 9. e e
Reported values for NO run 10. e e
Reported values for NO 2 run 0. ..occcovviiiiiviiiiiiiine v
Reported values for NO 2TUN 2. s e
Reported values for NO 2TUN A, s e
Reported values for NO 2TUN B, e e
Reported values for NO 2TUN 8. s e

Reported values for NO 2MUN 10, s e

Critical values of t used in the repeatability (r) and reproducibility (R)

The Randrof SO 2 standard measurement method.  .....cccooieinne
The R and r of CO standard measurement method. ...
The Randrof O 3 standard measurement method. ...
The R and r of NO standard measurement method. ...
The Randrof NO : standard measurement method. ..o

e 5s@ore evalBation SUMMArY. o e

37

.52

53
54
54
55
55
56
56

57

.. 58
.. 59

60

.. 61
.. 62
..63



Annex A: The results of the ILC

I n this annex are reported partici ptables and
graphs. For all mixture concentration generated (run), participants were asked to
report 3 results representing 30 minutes measurement each ( Xi).

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

For all the runs except concentration levels 0, also average (x i) and standard
deviation ( si) of each participant are presented.

The assigned value is indicated on the graphs with the red line and the individual
laboratories expanded uncert  ainties ( Ux;) are indicated with error bars.

Reported values for SO 2
Table 11 : Reported values for SO , run 0.

Figure 13: Reported values for SO , run 0.
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