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Abstract

This report presents the results of the sixth inter-laboratory comparison for BTEX automatic analysers
performed at the JRC Ispra from the 26™ to the 29" of September 2022. Twelve national reference laboratories
and fifteen instruments participated in this exercise. Six concentration levels were tested during the inter-
laboratory comparison. Benzene concentrations ranged from 1 to 20 pg/m3. The exercise was evaluated
according to IS0 13528:2022 methodologies for the evaluation of inter-laboratory proficiency assessment and
the recommendation of the protocol Ns; of the AQUILA network. Participating laboratories were identified as
requested by the afore-mentioned protocol.

The robust average value calculated according to ISO 13528:2022 was adopted as reference value for the
exercise. The report provides information on the technique and instrumentation used by each participant and
shows the results of linearity tests, identification of outliers, repeatability, reproducibility, and robustness of the
method. Furthermore, parameters to evaluate individual laboratory results: repeatability scores, Z’' scores, Pa
scores, biases and E, scores are also provided.

In general, the results showed in terms of accuracy and precision a behaviour similar to the previous inter-
laboratory exercise (EUR-28692-EN). For benzene and toluene, average repeatability and reproducibility values
were about 6.5 + 0.5 % and 15 + 2 %, respectively. Ethyl-benzene, m,p-xylene and o-xylene showed higher
repeatability values of around 9.7 + 0.2 %, while their values of reproducibility were about 35 + 3 %.



Acknowledgements

The support of website manager, Mr. Luca Spano, during the preparation and execution of the inter-laboratory
exercise have been greatly appreciated.

Authors

Pérez Ballesta, P., Bau, A, Borowiak, A.

In collaboration with:

Beck Martin

Silhavy Jan

Bozikovic Borna
Piskor Dominik

Kiza Christos
Papadopoulos Christakis
Bilic Marijo

Hercog Predrag
Delaney Lin

Murphy Ken

Bonnici Carmel
Camilleri Rosalie
Mladenovic¢ Slavisa
Sostari¢ Andrej

De Miguel Jose Miguel
Cadoni Fabio
Capobianco Diego
Holoman Peter
Udvarosova Terezia
Vincze Samuel
Petkova-Krasteva Vesela
Travnicek Wilma



1 Introduction

This BTEX inter-laboratory comparison exercise is the sixth exercise carried out by the Joint Research Centre
aiming to fulfil the QA/QC programme for the harmonisation of air quality measurements in Europe in
accordance with the Directive 2008/50/EC.

The exercise took place in Ispra at the JRC ERLAP bench facility from the 26" to the 29" September 2022.
Participants were required to register and provide a detailed description of their instrumentation. As agreed
within the AQUILA protocol, participating laboratories are identified in the report. In this exercise, the average
robust value was adopted as the reference value of the inter-laboratory comparison. The evaluated
concentration range was that used during the previous comparison exercise.

In this report, statistics of r scores, Z’ scores, E, scores, P, scores were processed for the evaluation of the
laboratory performance. The report also provides additional information regarding linearity test, blank levels,

overall repeatability and reproducibility values and robustness of the method in the context of the comparison
exercise.



2 Inter-laboratory comparison strategy

The reporting of results from the participating laboratories was done by uploading the requested information
on the JRC web site application at http://interlabo-comparison.jrc.ec.europa.eu. This included the characteristics
of the BTEX analyser, description of the calibration method and traceable reference material. 30 min average
concentrations and their corresponding associated uncertainties to characterise each 90 min step concentration
interval were also requested. The reported information about method, instrumentation and certified reference
material from the participants are resumed in section 2.1.

The exercise consisted of a start and end zero-air check and an up and down path of six concentration level
steps of two hours each one (see Figure 1). A stable concentration interval of 1.5 h for the comparison of the
measurements is highlighted in a darker tonality in Figure 1. Such a step-time interval allowed the different
automatic analysers to perform, according to their modus operandi, from three to six complete measurements,
varying from 15 to 30 minutes. The time schedule for the exercise is given in the Annex 1: Work schedule for
the inter-laboratory comparison exercise.

Reference concentration was derived from the robust average concentration of the exercise. Whereas, ERLAP
results were included in the comparison and managed as any other participant. Furthermore, laboratories were
requested to estimate and report the uncertainties associated with the average concentration of each level.

Concentrations were expressed in ug/m3 at 20 °C and 1 atm. Conversion factors from ppb (v/v) to ug/m3 for
reporting results were agreed before the inter-laboratory comparison (see Annex 5: Conversion factor for data
reporting: Table A 19).

Figure 1. Time versus concentration steps along the exercise
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2.1 Participating laboratories and instrumentation

Twelve laboratories including JRC participated in the inter-laboratory comparison exercise. Table 1 shows the
name of the participating laboratories.

Table 2 identifies the type of instrument and analytical parameters used by each laboratory. CHMI participated
with an online analyser (CHMI1) and a pumped tube sampling system (CHMI2) that reported fewer concentration
levels due to sampling restrictions. Furthermore, Both DLI and SHI reported data from two online instruments
identified by the corresponding number after the laboratory acronym. Instead UBA and IPH-S that participated
with two instruments of the same characteristic only reported the results from one of them.

From the fifteen instruments in comparison, five had a flame ionization detector (FID), while the others ten
used a photo ionization detector (PID). Table 3 shows the reference material or travelling standard used by
each laboratory to calibrate their analysers.

Table 1. List of participating laboratories

Acronym Laboratory Country Contact
CHMI Czech Hydrometeorological Institute Czech Republic Jan Silhavy, Martin Beck
DHZ-TES Croatian Meteorologlgal and Hydrological Croatia Borna Bozikovic, Dominik Piskor
Service
DLI Department of Labour Inspection Cyprus Christos Kiza, Christakis Papadopoulos
EKONERG Energy and Enqunmental Protection Croatia Hercog Predrag, Marijo Bilic
Institute
EPA Environmental Protection Agency Ireland Kevin Delaney, Ken Murphy
ERA Environment & resources Authority Malta Rosalie Camilleri, Carmel Bonnici
IPH-S Institute of Public Health of Belgrade Serbia Andrej Sostari¢, Slavia Mladenovié¢
1SCli Instituto de Salud Carlos IlI Spain Jose Miguel de Miguel
ISPRA Istituto Superlore per‘la Protezione e Italy Diego Capobianco, Fabio Cadoni
Ricerca Ambientale
SHI Slovak Hydrometeorological Institute Slovakia Peter Holoman, Terezia Udvarosova, Samuel Vincze
UBA Umweltbundesamt Germany Vesela Petkova-Krasteva, Wilma Travnicek
JRC Joint Research Centre — ERLAP Europegn Andrea Bau, Pascual Pérez Ballesta,
Commission

Source: JRC, 2023



Table 2. Instrumentation used by the participants during the inter-laboratory comparison exercise

Cycle Column: Adsorbent, Sampled volume
Code Analyser time, Detector Length, i.d.", film thickness , Sampled \
) - . Desorption conditions
min Operational conditions
Synspec, 15 m, 32 mm id, 1 ym
CHMI Szygiesm spectras G955 6031 g PID Tenax GR, 20 ml, 180 °C
(2015) 50°C (3 min), 10°C/min,70°C (5 min)
CHMI2 nat? na?? FID nal? Carbopack-X
Chromatotec GC866 FID MXT 30 XE: 30 m, 0.28 mm i.d. 1 pm Carbotrap, 425 ml
DHZ-TES 15 FID
airmoVOC (2019) - 350°C for 180 s
SY-1,13m, 032 mmid, 1 pm
Tenax GR 40-60, 4 x 23.33 ml
DLI SynSpeck GC955 601 9601-PX2XXC PID 50 °C (3 min), 70 °C (5-12 min),
15 185 °C for 60 s at 1.5 ml/min
50 °C (14-15 min)
SY-1,13m, 032 mmid, 1 pm
Tenax GR 40-60, 4 x 23.33 ml
DLI2 SynSpeck GC955 601 9601-PX2XXC PID 50 °C (3 min), 70 °C (5-12 min),
15 185 °C for 60 s at 1.5 ml/min
50 °C (14-15 min)
Carbopack B, 470 ml
: MXT30CE 30 m, 0.28 mm, 1 pm
EKONERG Czhg‘irgat"tec AirmoVOC  GC866 FID 80°C for 120's
(2018) 15 44°C,2°C/min, 45°C,15°C/min, 165°C(360s)
AT-5, 13 m, 0.32 mm, 1ym Tenax GR 35/60, 210 ml
EPA SYNTECH Analyser GC 955, (2019) 15 PID
45°C (4 min),14°C/min, 80°C (1 min) 180°C for 60 s, 1.5 ml/min
SYNSPEC Analyser GC 955, AT-5:13m, 0.32 mm, 1 um Tenax GR, 4 x 23.33 ml
ERA 15 PID
Vers. 601 (2018) 50°C (3 min), 10°C/min,70°C (7 min) 180°C for 26 s, 1.5 ml/min
SYNTECH SPECTRAS Analyser AT-624: 15 m, 0.32 mm, 1 pm Tenax GR, 210 ml
IPH-S 15 PID
GC 955, (2009) 50°C (3 min),10°C/min,70°C (7 min) 180°C for 60 s, 1.5 ml/min
Syntech Spectras GC955-601 Synspec, (2+13) m, 32 mm id, 1 pm Tenax GR 35-60 mesh,
ISCHI 15 PID o ; o _ ; o _
9601-PX2XXC (2022) 50°C (3 min), 70°C (;ii)z min), S0°C (14-15 175°C for 15 s
. Carbotrap
ISPRA AMA GC5000 BTX FID 30 FID AMAsep 1 30m, 032mm id, 1.5 pm

Syntech Spectras GC955
SHI 15
Model 601, 2019

Syntech Spectras GC955
SHI2 15
Model 601, 2019

UBA SPECTRA GC 955, (2008) 15

Agilent 8890 GC
JRC 30
UNITY-AirServer-xr + Kori XR

PID

PID

PID

FID

50°C 3 min,, 8°C/min, 130°C 5 min
Synspec SY-1, 15 m, .32 mmid, 1 pm
50°C (3 min),70°C (5-12 min), 50°C (14-15 min)
Synspec SY-1, 15m, .32 mm id, 1 pm
50°C (3 min),70°C (5-12 min), 50°C (14-15 min)
AT-5:13 m, 032 mm, 1 um
50°C (4.5 min), 70°C (6.8-13.5 min)
Dean switch double column
DB-1,50 m 0.32 mm id. 1.2 pm
Al203 KCL 50 m 0.32 mm i.d. 8 pm
40°C (5 min),6°C/min,200°C (15 min)

230 °C for 3 min at 3 ml/min
Tenax GR
180°C
Tenax GR
180°C
Tenax GR, 77.3 ml
180°C for 3 min, 2 ml/min

0Ozone precursors trap, 900 ml.

300 °C, 3 min, 20 ml/min

(}) id. internal diameter
(3) n.a:information not available

Source: JRC, 2023



Table 3. Reference material used by the participating laboratories

Benzene Toluene Ethyl-benzene m-Xylene p-Xylene o-Xylene Certification
Laboratory Reference Material™ Producer Certified by dat
ppb(m/m)®@ ppb(m/m)®@ ppb(m/m)®@ ppb(m/m)? ppb(m/m)?  ppb(m/m)®? ate
CHMI Press. Cyl. 992+ 02 965 + 0.25 - - - - NPL NPL na®
Press. Cyl.
DHZ-TES 498 + 15 501 + 15 504 + 15 500 + 15 500 + 15 499 + 15 VSL VSL 28-05-2024
D.D.: Orion 0GD2000
DLI Press. Cyl. 5.00 £ 0.20 5.03 +0.20 5.06 + 0.20 5.02 + 0.20 5.02 + 0.20 5.01 +0.20 NPL NPL 10/11/2024
Press. Cyl. Hungary
EKONERG 961 + 35 958 +35 902 + 39 1758 + 78 835+35 Meteorogy =~ 01/04/2022
D.D. MCZ CGM200 Service
EPA Press. Cyl. 10.00 + 0.31 9.98 + 0.25 9.99 + 0.25 200+ 06 10.04+ 0.26 NPL NPL 24/05/2021
Press. Cyl.
ERA D.D. MGC101 SN 3728 197.20 + 39 197.20 + 59 197.7 £ 89 19720+ 89  197.5:89 197.1£89  SIAD Accredia 30/03/2022
Environment s.a.
IPH-S Press. Cyl 2.16 2.24 2.14 2.06 2.06 2.06 MESSER MESSER 27/06/2022
Swiss
I1SCHI Press. Cyl. 994 + 34.79 - -- - - - Calibration - -
Service
Press. Cyl. ; ;
UBA 1980 + 99 4960 + 248 960 + 48 976 + 49 - 994:50  hlessner Riessner 10/08/2022
DD: Sonimix from LNI Gase Gase
ISPRA Press. Cyl. 10.06 + 0.20 10.07+0.30 9.99+0.45 21.50 + 0.90 1090 + 045 SIAD SIAD 10/06/2022
1.04 + 0.03, 1.06 + 0.03, 1.12 + 0.03, 2.17 £ 0.06, 1.00 + 0.03, 04/05/2022,
SHI Press. Cyl. 496 + 0.10, 479012, 5.18 + 0.13, 10.08 + 0.26, 496 + 013, NPL NPL 24/02/2022,
993+03 9,65 + 0.25 1044 + 0.27 203+ 06 9.99 + 0.25 25/03/2022
JRC Press. Cyl. 4.00 + 0.08 389 +0.10 421 +011 818 +0.21 402+011 NPL NPL 23/03/2022

1 Press. Cyl: Pressurised cylinder; D.D.: Dynamic Dilution

(
(3 ppb(m/m): concentration in part per billion with respect to molar fraction # its expanded uncertainty (k=2)
(

3) n.a. information not available

Source: JRC, 2023



2.2 Reference values and uncertainties

Based on the experience from previous inter-laboratory comparison exercise, the robust average value
calculated according to 1SO 13528:2022 has been shown as an appropriate estimator of the reference value
(see Annex 3: Robust Analysis: Estimation of robust average and standard). Therefore, the robust average has
been adopted as the reference value of the comparison.

Prior to the calculation of the robust average, the h and K statistics were applied to identify potential laboratory
outliers to be excluded from the analysis. The number of outliers identified for each compound and laboratory
(see Annex 7: Figure A 19) was not sufficient to justify the exclusion of any laboratory from the robust test.
Therefore, outliers were smoothed using the robust averaging approach. The h and K statistics are shown in
Annex 7.

In line with 1SO 13528:2022, the standard uncertainty assigned to the robust value of the proficiency test, u,,,
was estimated as:
_ 125"
Upt = =5~
Where s* is the robust standard deviation of the robust analysis, p the number of participants and 1.25 is, a
conservative non-Gaussian behaviour correction factor. In this comparison robust average and estimated
uncertainty will be adopted as reference value, C,.r, and associated uncertainty, u,r, respectively.

Eq. 1

The reference concentrations and corresponding uncertainties are given in Table 4

Table 4. Reference concentrations and associated uncertainties of the exercise

Level Benzene ;Jlrg)ertainty Toluene tJlrl:)ertainty Ethylbenzene tJlng)ertainty
Conc,, pg/m® % Conc., yg/m* % Conc., pg/m* %
1ST-A 0.89 945 3.16 9.29 0.37 31.28
SND-A 258 431 857 539 157 20.32
3RD-A 5.05 3.60 16.54 458 3.20 15.06
ATH-A 10,00 286 3283 536 659 1033
STH-A 15.05 2.40 49387 7.25 966 7.99
6TH-A 20.12 2,05 64.98 7.03 1321 513
STH-B 1531 2.00 50.87 6.43 10.12 7.05
4TH-B 1037 223 3483 475 690 1023
3RD-B 532 341 18.23 462 337 14.45
2ND-B 2.65 472 9.70 6.23 1.64 1973
15T-B 0.94 7.76 3.96 1045 045 23.89
Level m,p-Xylene ;Tgf rtainty o-Xylene tjln;)e rtainty
Conc., pg/m?® % Conc,, pg/m? %
1ST-A 0.39 25.28 0.56 2740
2ND-A 153 23.00 1.94 2421
3RD-A 334 20.94 371 19.45
4TH-A 6.89 15.84 7.17 11.42
5TH-A 10.12 1338 10.38 9.57
6TH-A 14.03 10.79 1411 6.61
5TH-B 10.76 11.78 10.89 7.82
ATH-B 7.30 14.88 7.46 11.26
ZRD-B 360 1941 3.85 17.94
SND-B 173 2244 2.10 1986
1ST-B 045 2256 0.59 2767

Source: JRC, 2023



2.3 Statistical considerations

2.3.1 Reported concentration and uncertainty

Laboratories were requested to provide, for each stable concentration interval level, three measurements
values, the average concentration, and its associated uncertainty. Those average values and associated
uncertainties were used as input values for the statistical evaluation of this exercise.

A comprehensive evaluation of the laboratory results should consider the combination of different scores, which
allow the interpretation of outliers as well as possible corrective actions.

2.3.2 Linearity test

Linearity of the analysers was tested according to EN14662-3 by comparing at each concentration level, the

average value, C, with its respective reference value, C..¢, for which the residual, R, is calculated according to
the following expression:

Re=C—(@+Db-Cp Eq. 2

where a and b are the correlation coefficients of the linear regression (C vs C,ef). As a criterion of linearity,
residuals higher than 10 % were highlighted in red, while values lower than 5 % were considered acceptable.

2.3.3 Repeatability, reproducibility and robustness of the method

The repeatability and reproducibility derived from the inter-laboratory comparison exercise results were
calculated after the elimination of outliers identified by converging Mandel’s h and k statistic (see Annex 7).

The inter-laboratory consistency is determined by the statistic h, which represents the ratio between the bias

of the measure with respect to the average concentration value, C, of p participants and the standard deviation
of the average inter-laboratory values:

hy = —S2C Eq. 3
(¢;i—0)°
p—1

The intra-laboratory consistency is determined by the statistic k, which is defined by the ratio between the
laboratory standard deviation of the sample, s;, and the pooled within-laboratory standard deviations:

Indicators for Mandel’s statistics at the 1 and 5 % level of significance are given in the Annex 2: Indicators of
Mandel’s statistics. These values determine the outliers and stragglers, respectively.

As a result, the uncertainty of the inter-laboratory average concentration value is determined by the
combination of the inter-laboratory variance, s2, and the intra-laboratory variance (repeatability variance), s2.
The addition of both variances represents the reproducibility variance, s3, in this case being the variance
associated with the uncertainty of the method [ISO 5725 Part 2, 2019]:

u=./s?+s%=spg Eq. 5
being

1
s = ;Zfsf Eq.6

= ST + (1-0) £q.7

where p is the number of laboratories; n is the number of replicated analyses done by each laboratory; s; and
EL- are the standard deviation and average value corresponding to the laboratory i.
For method robustness, as a conservative approach, the ratio between reproducibility and repeatability standard

deviations, i.e. gamma value, y = si/s,, can be adopted as indicator of the robustness of the method, being
robust ratios those lower than 2 [P. Pérez Ballesta et al., 20011].



2.3.4 Repeatability scores

A repeatability score derived from the ratio between reported laboratory uncertainty and the standard deviation
for the proficiency assessment, g3, is used as an indication of the suitability of the reported uncertainty with
respect to that expected for the proficiency assessment.

u
r score = —42 Eq.8
ON37

By applying the same indicator of Mandel’s k statistic kyn1-«, it is possible to identify straggles and outliers at
the 5 % and 1 % level of significance, respectively, being n the number of replicated measurements of each
laboratory, and p, representing the number of laboratories, is adopting the convergent value for k.

In agreement with AQUILA N37 document, the standard deviation for the proficiency assessment, ay35, is
calculated as a function of the concentration level in pg/m?3, C, by the following equation:

6ysy = 0.128 + 0.057 - C Eq. 9

2.3.5 2’ scores

As the estimated uncertainty for the reference value, u,.r, appears significant if compared to the uncertainty
defined for the proficiency assessment (u,.r > oy37), the statistic Z' score is used for the identification of
outliers.

This statistic is calculated as follows:

Clab_cref

=2 2
UN37+uref

This statistic provides a criterion for identification of outliers independent of the comparison exercise
performance, being critical values of 2.0 or 3.0 used to identify “warning” or “action” signals, respectively.

Z'score = Eq. 10

2.3.6 E, scores

E,, scores were calculated according to the following equation:

Clab=Cref
2 2
1/Ulab+uref

where Uy, and U, are the expanded uncertainties for the laboratory and reference value, respectively. E,
scores evaluate the compatibility between bias and expanded uncertainty for each result. The critical value for
E, scores is 1. E,, scores higher than 1 identify results that are incompatible with the reference value after
allowing for the stated uncertainties.

E, = Eq. 11

2.3.7 P,scores

P, score is a standardized performance score that represents the percentage of allowed deviation for each
result. This score is based on the ratio between biases and performance criteria for the measurand. The score
considers both the standard deviation for the proficiency assessment, as defined by the AQUILA N37 document,
and the uncertainty of the reference value. The following equation is used to calculate the P, score:

P, = Clab=Cref Eq. 12

3 '5N37)2+u$ef

This score provides a criterion of acceptance, which is equivalent to z < 3, for the interval —1 < P, < 1. This
score can also be expressed as percentage. In that case, scores with absolute values higher than 100 % are
rejected.

10



3 Results and discussion

3.1 Data reporting

The laboratories were asked to provide three concentration values and the corresponding average and
associated uncertainty for each compound and concentration level. They were instructed to exclude the first
and last 15 minutes of each concentration step in order to avoid unstable concentrations. Additionally, they
were required to provide details about the instrument used, the analytical method, the use of certified reference
material for calibration, and the calculation of reported uncertainties. This information is summarized in section
2.1 and an example data collection sheet can be found in Annex 9.

DLI and SHI participated with two on-line automatic analysers, which were labelled as 1 or 2 in the report.
CHMI2's data was based on pumped tubes. In this comparison exercise, EPA, EKONERG, CHMI2, and ISCIII only
reported benzene, while CHMI and IPH-S reported both benzene and toluene. Only five of the invited participants
(DLI, ERA, ISPRA, SHI, and UBA) reported all of the target compounds (BTEX), which resulted in a higher
uncertainty associated with the reference value derived from the robust average of the comparison exercise

3.2 Linearity test

The analysis revealed that high residual values were frequently observed at the lowest concentration levels,
particularly for the heaviest compounds: C;-Cs and for instruments using Tenax GR and PID detector (see Figure
2). Notably, instruments using Tenax GR were also equipped with PID detector, as instruments with a FID
detector were using graphic charcoal adsorbent (Carbotrap, Carbopack-B or in combination with other
adsorbents). Table 5 to Table 7 present the results of the linearity test conducted to determine the correlation
between reported and the robust reference value. Residuals were calculated using Eq.2, and the percentage of
residuals was shown for those with absolute values greater than 5 %. Absolute values with residuals greater
than 10 % were highlighted in red.

Figure 2. Number of non-linear cases per adsorbent or detector
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1.20 - . -
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0.80 =
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0.00 0.0
benzene toluene ethyl-benzene m,p-xylene o-xylene

Source: JRC, 2023
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Table 5. Linearity tests for benzene and toluene

BENZENE(Y) CHMI CHMI2 DHZ-TES DLI DLI2 EKONERG EPA ERA IPH-S ISCHI ISPRA SHI SHI2 UBA ERLAP
1st-A -35 OK OK 9 18 61 -29 17 -57 -18 oK 5 20 22
2nd -A -11 OK OK OK OK OK OK OK OK OK OK OK OK OK
3rd -A OK -15 OK OK OK OK -10 OK OK 8 OK OK OK OK OK
4th -A OK OK OK OK OK OK -7 OK OK OK 6 OK OK OK OK
5th-A OK OK OK OK OK OK OK OK OK OK OK OK OK OK OK
6th OK OK OK OK OK OK OK OK OK OK OK OK OK OK
5th -B OK OK OK OK OK OK OK OK OK OK OK OK OK OK OK
4th -B OK OK OK OK OK OK OK OK OK OK OK OK OK OK
3rd -B 6 OK OK OK OK OK 5 -6 8 OK OK OK -5 -6
2nd -B OK OK OK OK OK OK OK OK 8 OK -7 OK OK OK OK
1st-B -16 67 OK OK 11 20 57 -18 12 -44 -22 OK 6 9 5
TOLUENE(')  CHMI CHMI2 DHZ-TES DLI DLI2 EKONERG EPA ERA IPH-S ISCHI ISPRA SHI SHI2 UBA ERLAP
1st-A -45 29 30 -9 54 -17 -40 -57 oK 41
2nd -A -8 OK OK OK 14 OK oK -7 OK 11
3rd -A -5 OK OK OK OK 6 OK OK
4th -A OK -5 OK OK OK OK OK
5th -A OK OK OK OK OK OK OK OK 8 OK
6th OK OK OK OK OK -6 OK OK OK OK
5th -B OK OK OK OK OK OK OK OK OK OK
4th -B OK OK OK -7 OK OK OK -6
3rd -B OK OK OK -12 OK 5 9 OK -10
2nd -B 11 OK OK 6 OK -10 OK OK OK -8
1st-B 13 21 20 OK 26 -31 -35 -41 -14 16

Q)

Source: JRC, 2023

Residual values in percentage

12



Table 6. Linearity tests for ethyl-benzene and m,p-xylene

ETHYLBENZENE (}) CHMI CHMI2  DHZ-TES DLl DLI2 EKONERG EPA  ERA IPH-S  ISClll ISPRA  SHI SH2  UBA ERLAP
1st -A -60 -47 -110 -11 88 126 59 31
2nd -A OK OK OK 8 OK -6 OK 6
3rd -A 7 6 oK oK -8 -13 oK oK
4th -A oK oK oK oK -5 -7 oK oK
Sth -A oK oK oK oK oK oK -11 oK
6th oK oK oK oK oK oK oK oK
5th -B OK OK OK OK OK OK OK OK
4th -B oK OK oK -6 5 oK oK
3rd -8 10 8 oK -8 -8 oK -7
2nd -B oK OK oK oK oK oK -9
1st-B -53  -32 -69 -12 95 114 42 OK
M,P-XYLENE () CHMI  CHMI2  DHZ-TES DLl DLI2 EKONERG EPA  ERA IPH-S IsClll ISPRA  SHI SH2  UBA ERLAP
1st -A 76 -33 -85 -26 112 138 39 23
2nd -A 8 -9 oK 9 6 oK oK 11
3rd -A oK oK 8 5 -8 -14 -8 oK
4th -A oK oK oK oK -6 -10 oK oK
Sth -A oK OK oK 6 oK oK -12 5
6th OK OK OK OK OK OK OK OK
Sth -8 oK OK oK oK oK oK oK oK
4th -B 5 oK oK oK -6 -6 oK -7
3rd -8 7 oK 14 oK -10 -9 oK -11
2nd -B 5 -6 6 oK oK oK 14 oK
1st-B -51  -21 -53 -33 88 123 25 25

() Residual values in percentage

Source: JRC, 2023

13



Table 7. Linearity tests for o-xylene

O-XYLENE (%) CHMI CHMI2 DHZ-TES DLI DLI2 EKONERG EPA ERA IPH-S ISCIl ISPRA SHI SHI2 UBA ERLAP
1st-A -41 -53 -49 OK 97 107 71 16
2nd -A OK 17 OK OK OK -6 OK OK
3rd -A 5 19 -5 OK -11 -15 -8 OK
4th -A OK OK 5 OK OK -7 OK OK
5th -A OK OK OK 6 OK OK -13 OK
6th OK OK OK OK OK OK OK OK
5th -B OK OK OK OK OK OK OK OK
4th -B OK OK 8 OK OK OK OK OK
3rd -B 10 9 OK OK -10 -9 -6 -6
2nd -B -6 -6 OK -10 -7 -6 -8 -11
1st-B -27 -97 -17 6 89 109 63 17

() Residual values in percentage

Source: JRC, 2023
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33

Blank levels

Figure 3 depicts the concentrations reported by the participants during the zero air concentration steps (Zero-
A and Zero-B). The inter-laboratory median of the measured blank values ranged from 1.7 % to 19.3 % of the
reference concentrations at the first concentration level. These blank values were found to be at the same level
of uncertainty associated with the first concentration level.
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Figure 3. Reported blank levels
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3.4 Outliers, repeatability, reproducibility and robustness of the method

As outlined in the previous section 2.3.3, repeatability and reproducibility standard deviation were calculated
based on the converged results obtained after eliminating outliers using the k and h statistics (see Annex 7).
The repeatability, reproducibility standard deviation values are presented in Figure 4, while Figure 5 illustrates
the corresponding robustness values for each compound and concentration level. Notably, the repeatability
values represent the average of the uncertainties reported by the participating laboratories at each level,
whereas the reproducibility values are associated with the method’s uncertainty in this exercise. The figures
reveal that the values of repeatability and reproducibility tend to increase with decreasing concentration levels.

Additionally, the gamma values also exhibit a similar trend (Figure 5), although to a lesser extent.

40

35

30

25

20

repeatability, reproducibiility, %

100

90

80

70

60

50

40

30

20

repeatability, reproducibiility, %

10 |

100

90

80

70

60

50

40

30

20

repeatability, reproducibiility, %

10

Figure 4. Repeatability and reproducibility of the inter-laboratory exercise
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Figure 5. Robustness of the inter-laboratory exercise
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In comparison to the previous inter-laboratory exercise (EUR 30239 EN), an increase in the reproducibility values
was observed. This was also reflected in the robustness values, which significantly exceeded the recommended
value of 2, as shown in Table 8.

Table 8. Average repeatability, reproducibility and K values of the inter-laboratory exercise

Repeatability, %(*?) Reproducibility, %(*?) Robustness
(%)
Benzene 6.25 1311 2.02
Toluene 7.15 16.60 232
Ethyl-benzene 9.17 31.79 333
m,p-Xylene 10.39 37.76 4.15
o—Xy[ene 945 36.61 3.69

(Y) Outliers excluded in the analysis
(%) Repeatability, reproducibility and robustness values of previous inter-laboratory exercises are provided in Annex 4: Tables A2 to A 5
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Source: JRC, 2023

3.5 N37 and minimum standard deviation compatible with the reproducibility of
the proficiency assessment

To make a realistic choice of a prescriptive standard deviation for proficiency assessment, i.e. Gys7, it is

important to ensure that the ratio between the between-laboratory standard deviation of the comparison, sy,

and the one derived from the assigned value, is less than 2. This ratio determines the definition of a minimum
standard deviation, G,,, that is compatible with the method reproducibility, as shown in the following equation:

2 2
5 = [(5t St
Om = (2> + " Eq. 13
where n is represented the number of replicated measurements.

Om

Figure 6 shows the minimum relative standard deviation, - 100, which is compatible with the reproducibility

ref

of the exercise, as well as the relative standard deviation, , Ona7 100, for proficiency assessment. Therefore,

ref
the N37 criteria will align with the reproducibility of the exercise if Gy3; < Gy37. As seen in Figure 6, this
condition is met for benzene and partially for the other compounds. This indicates that N37 is a more stringent
approach to identify outliers than the use of the minimum relative standard deviation. However, the use of N37
is justified because it establishes a uniform criterion for evaluation across inter-laboratory exercises.

Figure 6. N37 and minimum standard deviation compatible with the reproducibility of the proficiency assessment
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3.6 rscore, Z’' score, P, and E, score

The laboratory test performance was evaluated individually using the r score (repeatability score), Z’' score, and
E, score, all of which were derived from the N37 standard deviation for proficiency test, aN37.

For a quick overview of the results, a multi-plot-box representing the afore-mention statistics for concentration
level and compounds are illustrated in Figure 7, Figure 8 and Figure 9. Instead, level detailed graphs are
given in Annex 8.

Figure 7. r score for the inter-laboratory comparison exercise
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Figure 8. 7’ scores for the inter-laboratory comparison exercise
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Figure 9. E, score for the inter-laboratory comparison exercise
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Tabulated results of the inter-laboratory comparison are presented in Table 9 to Table 13. For each laboratory
and concentration level, these tables provide reported concentrations with expanded uncertainties, biases, Pa, r
scores, Z' scores, and E, scores. P, and E, scores with absolute values equal to or greater than 1 are highlighted
in red to indicate an action signal. Absolute values of Z’ scores between 2 and 3 are considered warning signals,
while those greater than 3 are action signals, being highlighted in blue and red, respectively. Notably, the P,
action should agree or be very close to Z’ scores with absolute values greater than 3. Finally, acceptance values
of r scores are highlighted in blue and red for the 95% and 99% confidence levels.

Furthermore, it is important to interpret E, scores and r scores together, as a high reported uncertainty can
compensate for a high bias input in the E, score. On the other hand, P, and Z’ scores are not influenced by the
uncertainty reported by the laboratory, as they adopt the prescriptive standard deviation for proficiency
assessment, oysz, as a fixed parameter in the score. These two parameters can be used to identify actions where
E. score or Z’ score are not sensitive.

Biases are given in percentage and are directly comparable with the uncertainty of the performance test and
the reference through the P, score. The results of the laboratory comparison are presented in terms of deviation
(%) in Annex 6: Scattering of Laboratory Results, Figure A 11.

Therefore, under these criteria, the tables below provide a clear overview of the instrument performance of
each participant. The interpretation and actions to be taken based on the results are the responsibility of each
laboratory and are outside the scope of this report.
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Table 9. r-scores, Z'-scores, En scores, PA, bias and reported expanded uncertainty of the participants: benzene

Compound CHMI CHMI2 DHZ-TES

benzene Concentration, jig/m* U, % bias, % Pa En Z'-scores r-scores Concentration, pig/m* U, % bias, % Py En Z'-scores r-scores Concentration, pig/m* U, % bias, % Py En 2Z'-scores r-scores
1st-A 0.77 234 -13.8 -0.22 -0.50 -0.62 0.50 0.98 87.8 9.7 0.15 0.10 0.44 2.40
2nd-A 241 24.1 -6.6 -0.20 -0.27 -0.57 1.05 2.69 134 4.2 0.13 0.26 0.37 0.65
3rd-A 5.13 24.6 17 0.06 0.06 0.19 152 3.56 15.2 -29.4 -1.14 -2.28 -3.28 0.65 532 4.9 5.4 0.21 0.61 0.60 0.31
4th-A 10.10 24.4 1.0 0.05 0.04 0.14 176 8.67 15.0 -13.3 -0.61 -0.93 -176 0.93 10.44 19 4.4 0.20 0.73 0.59 0.14
Sth-A 14.50 24.4 -3.6 -0.18 -0.15 -0.52 1.80 13.69 14.8 -9.0 -0.45 -0.63 -1.29 1.02 15.59 0.9 3.6 0.18 0.74 0.52 0.07
6th-A 19.06 24.4 -53 -0.27 -0.22 -0.79 1.83 20.76 0.7 32 0.16 0.77 0.48 0.05
Sth-B 14.87 24.3 -2.9 -0.14 -0.12 -0.42 181 14.90 14.8 -2.7 -0.13 -0.18 -0.39 110 15.59 0.9 18 0.09 0.45 0.27 0.07
4th-B 10.53 24.5 15 0.07 0.06 0.21 179 10.45 19 0.7 0.03 0.15 0.10 0.14
3rd-B 5.61 24.2 5.4 0.21 0.21 0.62 1.58 532 4.9 0.0 0.00 0.00 0.00 0.30
2nd-B 2.82 24.1 6.3 0.19 0.23 0.54 122 211 18.0 -20.5 -0.62 -1.19 -1.78 0.68 2.74 13.1 33 0.10 0.20 0.28 0.64
1st-B 0.97 24.7 3.4 0.06 0.11 0.16 0.66 1.01 17.8 7.7 0.13 0.31 0.37 0.50 1.02 80.4 8.8 0.15 0.10 0.42 2.26
Compound DLI DL2 EKONERG
benzene Concentration, ug/m* [ U, % Pa En Z"scores r-scores Concentration, ug/m*| U, %  bias, % Pa En 2-scores r-scores Concentration, ug/m* | U,% bias, % Py En 2-scores r-scores.
1st-A 0.81 173 -0.15 -0.38 -0.42 0.39 0.89 24.7 -0.4 -0.01  -0.01 -0.02 0.61 112 143 254 0.40 0.97 115 0.45
2nd-A 245 15.5 -0.15 -0.30 -0.44 0.69 243 16.5 -5.8 -0.18 -0.33 -0.51 0.73 2.80 9.3 85 0.26 0.64 0.74 0.47
3rd-A 4.92 15.0 -0.10 -0.15 -0.28 0.89 4.72 15.7 -6.5 -0.25 -0.40 -0.72 0.89 5.35 75 6.0 0.23 0.56 0.67 0.48
4th-A 9.66 153 -0.15 -0.21 -0.45 1.06 9.38 154 -6.2 -0.28 -0.40 -0.82 1.03 10.62 6.6 6.2 0.29 0.69 0.83 0.50
Sth-A 14.97 15.4 -0.03 -0.03 -0.07 117 14.37 15.2 -4.5 -0.22 -0.29 -0.64 111 16.21 6.3 77 0.38 0.93 111 0.52
6th-A 20.33 15.4 0.05 0.07 0.16 123 19.77 15.2 -17 -0.09 -0.11 -0.26 118 21.68 6.2 7.8 0.40 0.99 117 0.53
5th-B 15.55 153 0.08 0.10 0.23 119 15.06 15.1 -16 -0.08 -0.10 -0.24 114 16.23 6.3 6.0 0.30 0.78 0.88 0.51
4th-B 10.43 153 0.03 0.03 0.08 111 10.16 15.2 -2.1 -0.10 -0.13 -0.28 1.07 10.80 6.7 4.1 0.19 0.50 0.57 0.50
3rd-B 5.36 153 0.03 0.04 0.08 0.95 5.11 15.7 -4.0 -0.16 -0.24 -0.45 0.93 5.49 77 32 0.13 0.30 0.36 0.49
2nd-B 2.70 14.8 0.05 0.10 0.15 0.72 2.65 16.6 -0.1 0.00 -0.01 -0.01 0.79 2.78 9.4 4.8 0.14 0.35 0.41 0.47
1st-B 0.88 18.2 -0.10 -0.27 -0.30 0.44 0.95 23.2 13 0.02  0.05 0.06 0.61 119 13.4 26.9 0.45 117 129 0.44
Compound EPA ERA IPH-S

Concentration, ug/m’ | U, %  bias, % Pa En Z-scores r-scores Concentration, ug/m’| U, %  bias, % Pa En Z-scores r-scores Concentration, ug/m’ | U,% bias, % Pa En Z-scores r-scores

1st-A 0.57 14.0 -35.7 -0.57 -1.61 0.22 126 143 41.0 0.65 1.49 185 0.50 101 79.2 13.0 0.21 0.14 0.59 2.24
2nd-A 1.56 14.2 -39.5 -1.19 -3.44 0.40 3.10 13.5 20.1 0.61 1.09 175 0.76 2.90 345 124 0.37 0.31 1.08 1.82
3rd-A 3.34 14.7 -33.9 -132 -3.77 0.59 5.73 13.6 13.6 0.53 0.80 151 0.94 5.43 228 7.6 0.30 0.30 0.85 1.49
4th-A 7.69 10.8 -23.1 -1.06 -3.06 0.60 10.46 13.8 4.6 0.21 0.30 0.62 1.03 11.22 16.2 12.2 0.56 0.64 1.62 130
Sth-A 12.89 1.1 -14.3 -0.71 -2.05 0.73 15.14 13.7 0.6 0.03 0.04 0.09 1.06 16.91 14.2 124 0.61 0.74 177 122
6th-A 18.48 9.4 -8.1 -0.42 -1.22 0.68 20.34 13.7 11 0.06 0.08 0.17 1.09 23.04 13.0 118
Sth-8 13.50 104 -11.8 -0.59 -1.73 0.70 15.76 13.7 3.0 0.15 0.20 0.43 1.08 17.12 14.1 121
4th-B 8.44 9.4 -18.6 -0.88 -2.56 0.55 11.09 13.7 6.9 0.32 0.45 0.95 1.06 11.22 16.2 127
3rd-B 3.93 13.0 -26.1 -1.03 -2.97 0.59 6.16 13.6 15.8 0.62 0.92 179 0.97 5.58 226 1.46
2nd-B 174 1.1 -343 -1.04 -2.97 0.35 3.36 13.7 26.6 0.81 135 231 0.82 3.08 325 179
1st-B 0.61 23.3 -35.3 -0.59 -1.69 0.39 1.40 143 49.3 0.82 1.87 2.36 0.55 1.02 78.4 2.20
Compound Isci ISPRA
benzene Concentration, ug/m’ U, % bias, % Pa En Z'-scores r-scores Concentration, pug/m*| U, % bias, % Py En Z'-scores r-scores Concentration, pg/m’ | U, % r-scores
1st-A 0.52 73.1 -41.8 -0.66 -0.90 -1.89 1.06 123 24.4 37.7 0.60 0.98 170 0.84 0.73 16.4 0.34
2nd-A 2.54 228 -16 -0.05 -0.07 -0.14 1.05 3.14 115 217 0.65 132 189 0.65 233 77 0.33
3rd-A 5.34 16.1 5.8 0.23 0.32 0.65 1.03 6.04 83 19.7 0.77 1.61 2.19 0.60 4.78 6.7 0.38
4th-A 10.01 13.2 0.1 0.01 0.01 0.02 0.95 11.78 73 17.8 0.82 173 237 0.62 9.72 53 0.37
S5th-A 14.38 122 -4.4 -0.22 -0.35 -0.63 0.89 16.86 7.0 121 0.60 131 173 0.60 14.51 43 031
6th-A 18.80 11.6 -6.6 -0.34 -0.57 -0.98 0.86 21.40 6.9 6.4 0.33 0.76 0.96 0.58 19.10 35 0.26
Sth-B 14.54 12.1 -5.0 -0.25 -0.41 -0.73 0.88 16.89 7.0 103 0.52 119 151 0.59 14.55 4.1 0.30
4th-B. 10.21 131 -16 -0.07 -0.11 -0.22 0.93 11.79 7.3 13.7 0.64 145 188 0.60 9.75 5.5 0.38
3rd-B 5.63 15.6 5.8 0.23 0.32 0.66 1.02 6.05 83 13.7 0.54 118 1.56 0.58 4.82 7.1 0.39
2nd-B 2.80 214 5.5 0.17 0.23 0.48 1.07 3.08 117 16.1 0.49 0.97 139 0.64 234 9.4 0.39
1st-B 0.66 60.6 -29.6 -0.49 -0.65 -1.42 1.10 1.23 24.4 31.2 0.52 0.88 1.49 0.83 0.73 27.4 0.55
Compound SHI2 UBA
benzene Concentration, pig/m’ U, % bias, % Pa En Z'-scores r-scores Concentration, yig/m® U, % bias, % Py En Z'-scores r-scores Concentration, jig/m® U, % r-scores
1st-A 0.76 13.2 -14.9 -0.24 -0.68 -0.67 0.28 0.84 71 -6.0 -0.09 -0.30 -0.27 0.17 1.01 4.5 0.13
2nd-A 234 6.0 -9.3 -0.28 -0.91 -0.81 0.25 239 7.5 -7.4 -0.22 -0.67 -0.64 0.33 2.61 3.4 0.16
3rd-A 4.94 57 -21 -0.08 -0.23 -0.23 0.34 4.69 8.1 -7.1 -0.27 -0.68 -0.78 0.46 5.07 2.8 0.17
4th-A 10.24 37 2.4 0.11 0.36 0.32 0.27 9.44 7.8 -5.6 -0.26 -0.59 -0.74 0.53 9.99 2.6 0.19
Sth-A 15.40 32 23 0.12 0.40 0.34 0.25 15.03 8.1 -0.1 -0.01 -0.01 -0.02 0.62 15.08 2.6 0.20
6th-A 20.38 2.6 13 0.07 0.27 0.20 0.21 19.37 8.0 -3.7 -0.19 -0.43 -0.56 0.60 20.21 2.8 0.22
Sth-B 15.69 3.2 25 0.12 0.48 0.37 0.25 14.51 7.9 -5.2 -0.26 -0.62 -0.76 0.57 15.01 2.7 0.21
4th-B. 10.29 15.7 -0.8 -0.04 -0.05 -0.11 113 9.62 79 =73 -0.34 -0.85 -1.00 0.53 9.93 26 0.18
3rd-B 5.26 5.7 -12 -0.05 -0.13 -0.13 0.35 4.70 81 -11.7 -0.46 -1.18 -1.33 0.44 4.93 33 0.19
2nd-B 253 332 -4.7 -0.14 -0.14 -0.40 1.50 234 7.7 -11.8 -0.36 -1.02 -1.02 0.32 2.52 3.6 0.16
1st-B 0.82 22.0 -12.6 -0.21 -0.51 -0.60 0.50 0.79 7.6 -15.8 -0.26 -0.94 -0.76 0.17 0.91 4.6 0.12

(Y)IPA| and |En scores| > 1 are highlighted in red. |2’ score| between 2 and 3 in blue, being red those values higher than 3. r scores > 95 % and 99 % confident level interval are highlighted in blue and red, respectively

Source: JRC, 2023
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Table 10. r-scores, Z'-scores, En scores, Pa, bias and reported expanded uncertainty of the participants: toluene

Compound CHMI CHMI2 DHZ-TES

toluene Concentration, pg/m* U, % bias, % P En 2Z'-scores r-scores Concentration, pg/m* U, % bias, % Pa En 2Z'-scores r-scores Concentration, yig/m® U, % bias, % P En Z'-scores r-scores
1st-A 2.70 24.4 -14.4 -0.42 -0.52 -1.07 1.07
2nd-A 7.34 245 -14.4 -0.60 -0.61 -1.60 1.46
3rd-A 12.99 243 -21.5 -1.00 -1.01 -2.71 148
4th-A 24.60 24.4 -25.1 -1.18 -118 -3.09 150
Sth-A 36.46 24.4 -26.9 -1.17 -117 -2.87 150
6th-A 48.83 24.4 -24.9 -1.10 -1.08 -2.71 1.56
Sth-B 39.37 24.4 -22.6 -1.03 -0.99 -2.58 1.59
4th-B 28.96 24.4 -16.9 -0.82 -0.75 -2.19 1.67
3rd-B 16.55 24.4 -9.2 -0.43 -0.38 -1.16 173
2nd-B 9.90 24.4 20 0.08 0.07 0.22 178
1st-B 523 24.5 319 0.94 0.83 2.32 1.81
C bu DLI2 EKONERG
toluene Concentration, ug/m* | U,% bias, % Pa En 2-scores r-scores Concentration, pg/m*| U,% bias, % Pa En 2-scores r-scores Concentration, pg/m* | U, %  bias, % Pa En 2"-scores r-scores
1st-A 297 337 -0.17 -0.16 -0.44 1.62 2.98 289 -5.6 -0.16 -0.17 -0.41 140
2nd-A 7.91 23.0 -0.32 -0.33 -0.86 1.48 7.70 213 -10.2 -0.42  -0.46 -1.13 133
3rd-A 15.95 15.9 -0.17 -0.20 -0.45 119 15.23 15.8 -7.9 -037  -0.46 -1.00 112
4th-A 32.46 15.3 -11 -0.05 -0.06 -0.14 124 31.59 153 -3.8 -0.18 -0.21 -0.46 121
Sth-A 51.01 15.2 23 0.10 0.11 0.24 130 49.42 153 -0.9 -0.04 -0.04 -0.10 127
6th-A 71.27 153 9.7 0.43 0.44 1.05 142 68.54 153 55 024 026 0.60 137
Sth-B 53.46 15.2 51 0.23 0.25 0.58 134 52.23 15.3 2.7 012 013 0.31 132
4th-B 35.76 15.2 27 0.13 0.15 0.35 129 35.02 153 0.5 0.03 0.03 0.07 127
3rd-B 18.36 15.7 0.7 0.03 0.04 0.09 123 17.61 15.6 -3.4 -0.16 -0.19 -0.43 117
2nd-B 9.29 226 -4.3 -0.17 -0.17 -0.45 154 9.09 20.9 -6.3 -0.26 -0.27 -0.67 139
1st-B 3.75 29.9 -5.4 -0.16 -0.15 -0.39 1.58 3.70 25.9 -6.7 -0.20  -0.21 -0.48 136
C EPA ERA IPH-S
toluene Concentration, pg/m* | U,% bias, % Pa En 7-scores r-scores Concentration, pg/m*| U,% bias, % Pa En Z-scores r-scores Concentration, pg/m* | U, %  bias, % Pa En 7-scores r-scores
1st-A 4.21 12.8 334 0.96 132 2.48 0.88 3.59 91.4 13.8 0.40 0.13 1.02 5.33
2nd-A 9.67 12.8 12.8 0.53 0.71 142 101 9.59 53.0 11.8 0.49 0.20 132 4.12
3rd-A 17.31 12.7 4.7 0.22 0.29 0.59 1.03 17.55 42.5 6.1 0.28 0.13 0.77 3.48
4th-A 33.01 12.7 0.6 0.03 0.03 0.07 1.05 36.90 359 12.4 . . 1.53 3.32
Sth-A 49.15 12.7 -1.4 -0.06 -0.08 -0.15 1.05 57.22 33.8 14.7 . . 157 3.26
6th-A 66.76 12.7 2.7 0.12 0.14 0.30 111 78.48 328 20.8 3.36
5th-B 52.37 12,6 29 0.13 0.16 0.34 1.09 58.08 338 14.2 3.24
4th-B 37.13 12.6 6.6 0.32 0.40 0.86 111 37.10 36.0 6.5 3.16
3rd-B 20.23 12.6 11.0 0.52 0.66 139 1.09 17.71 425 -2.8 3.22
2nd-B 11.59 12.6 19.4 0.79 1.00 2,07 107 9.36 53.4 -3.5 3.67
1st-B 5.43 13.3 37.0 1.09 134 2.69 1.02 3.90 86.2 -1.6 4.75
Compound Iscii ISPRA
toluene Concentration, ug/m* | U, % bias, % Py En Z'-scores r-scores Concentration, ug/m*| U, % bias, % Py En Z'-scores r-scores Concentration, pg/m® | U, % bias, % r-scores
1st-A 4.58 20.5 45.1 130 129 3.35 153 2.46 14.6 -22.0 0.58
2nd-A 11.45 121 335 139 173 373 112 7.59 87 -11.5 0.54
3rd-A 21.86 10.4 322 1.50 194 4.06 1.06 14.97 57 -9.5 0.40
4th-A 43.25 9.9 318 1.50 1.88 3.91 1.08 27.85 3.6 -15.2 0.25
5th-A 62.71 9.9 25.7 112 135 274 1.04 39.00 3.6 -21.8 0.24
6th-A 73.99 9.8 13.9 0.61 0.77 151 0.95 48.74 0.6 -25.0 0.04
5th-B 62.81 9.9 235 1.07 133 2.68 1.02 39.80 37 -21.8 0.24
4th-B 42.44 9.9 21.8 1.06 142 2.84 1.00 29.18 3.4 -16.2 0.24
3rd-B 2231 10.4 224 1.05 142 2.84 0.99 16.10 5.5 -11.7 0.38
2nd-B 11.85 12.0 221 0.90 115 2.36 1.04 838 86 -13.6 0.53
1st-B 4.83 19.5 21.8 0.64 0.69 1.59 1.33 2.94 16.3 -25.8 0.68
Compound SHI2 UBA
toluene Concentration, pg/m* U, % bias, % Py En Z'-scores r-scores Concentration, pg/m* U, % bias, % Pa En 2Z'-scores r-scores Concentration, yig/m’ U, % bias, % 2Z'-scores r-scores
1st-A 287 111 91 026 043 0.67 0.52 3.07 85 27 008 013 0.20 0.42 245 240 223 165 0.96
2nd-A 8.80 59 26 0.11 0.21 0.29 0.42 8.89 83 37 0.15 0.27 0.41 0.60 7.93 14.6 -7.6 0.94
3rd-A 17.49 3.9 5.8 0.27 0.57 0.73 0.32 17.71 8.2 71 0.33 0.56 0.89 0.68 16.10 11.8 -2.7 0.89
4th-A 32.57 2.6 -0.8 -0.04 -0.07 -0.10 0.22 34.72 8.2 5.8 0.27 0.42 0.71 0.72 33.51 10.5 21 0.88
Sth-A 45.46 3.0 -8.8 -0.38 -0.60 -0.94 0.23 56.50 8.4 133 0.58 0.77 1.42 0.80 5178 10.2 3.8 0.89
6th-A 56.85 3.6 -12.5 -0.55 -0.87 -1.36 0.27 66.62 83 25 0.11 0.15 0.27 0.72 69.73 10.1 7.3 0.92
5th-B 46.84 3.0 -7.9 -0.36 -0.60 -0.90 0.23 52.33 83 29 0.13 0.19 0.33 0.71 51.41 10.2 11 0.87
4th-B 34.60 25 -0.7 -0.03 -0.07 -0.09 0.20 36.34 83 43 0.21 0.34 0.56 0.71 33.10 10.7 -5.0 0.84
3rd-B 19.65 3.8 7.8 0.37 0.77 0.99 0.32 19.02 83 4.4 0.20 0.34 0.55 0.68 15.60 11.8 -14.4 0.79
2nd-B 10.46 59 7.8 0.32 0.56 0.83 0.46 9.68 83 -0.2 -0.01 -0.02 -0.03 0.59 7.43 13.8 -23.4 0.76
1st-B 3.77 12.2 -4.9 -0.14 -0.20 -0.36 0.65 3.42 8.8 -13.7 -0.40 -0.62 -1.00 0.42 2.67 21.2 -32.7 0.80

(Y)IPA| and |En scores| > 1 are highlighted in red. |Z’ score| between 2 and 3 in blue, being red those values higher than 3. r scores > 95 % and 99 % confident level interval are highlighted in blue and red, respectively
Source: JRC, 2023
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Table 11. r-scores, Z'-scores, En scores, Pa, bias and reported expanded uncertainty of the participants: ethyl-benzene

Compound CHMI CHMI2 DHZ-TES

ethyl-benzene | Concentration, ug/m? U, % bias, % Pa En Z'-scores r-scores Concentration, pg/m’ U, % bias, % Py En 2Z'-scores r-scores Concentration, pg/m* U, % bias, % Py En Z'-scores r-scores
1st-A

2nd-A

3rd-A

4th-A

5th-A

6th-A

5th-B

4th-B

3rd-B

2nd-B

1st-B

Compound DU DLI2 EKONERG

ethyl-benzene | Concentration, ug/m’ [ U % bias, % Py En 2'-scores r-scores Concentration, ug/m’| U, % bias, % P En Z'-scores r-scores Concentration, ug/m* [ U, %  bias, % P En 2'-scores r-scores
1st-A 0.41 293 10.2 0.08 0.15 0.20 0.40 0.38 316 22 0.02 0.03 0.04 0.40

2nd-A 177 16.9 129 0.22 0.29 0.53 0.69 164 17.1 4.6 0.08 0.10 0.19 0.64

3rd-A 3.62 16.0 13.2 0.32 0.38 0.74 0.93 351 16.0 9.8 023 028 0.55 0.90

4th-A 6.69 15.8 16 0.05 0.06 0.12 1.05 6.61 154 0.3 0.01 0.01 0.03 1.01

Sth-A 9.70 15.7 0.4 0.01 0.02 0.04 112 9.69 153 03 0.01 0.01 0.03 1.09

6th-A 13.06 15.6 -1.2 -0.05 -0.06 -0.14 116 13.16 15.2 -0.4 -0.02 -0.02 -0.05 113

Sth-B 10.04 155 -0.8 -0.03 -0.04 -0.08 111 10.08 153 -0.4 -0.02  -0.02 -0.04 1.09

4th-B 7.04 15.6 20 0.06 0.08 0.15 1.05 7.03 15.4 18 0.06 0.07 0.14 1.04

3rd-B 3.89 15.9 15.5 0.38 0.45 0.90 0.97 3.77 15.9 11.9 029 035 0.69 0.94

2nd-B 191 16.8 16.6 0.29 0.38 0.70 0.72 178 16.9 87 015 0.20 0.36 0.68

1st-B 0.47 25.5 5.2 0.05 0.10 0.12 0.39 0.46 30.4 3.0 0.03  0.05 0.07 0.46

Compound EPA ERA IPH-S

ethyl-benzene | Concentration, ug/m’ [ U, % bias, % [N En Z"-scores r-scores Concentration, ug/m*| U, % bias, % Pa En Z-scores r-scores Concentration, ug/m* [ U, % bias, % Pa En Z-scores r-scores
1st-A 0.45 133 21.0 0.15 0.33 0.41 0.20

2nd-A 2.20 14.5 40.4 0.69 0.89 164 0.74

3rd-A 391 13.8 223 0.53 0.65 125 0.87

4th-A 7.92 15.4 20.2 0.66 0.73 1.57 121

Sth-A 11.03 183 14.1 0.53 0.54 133 1.49

6th-A 14.26 195 79 0.35 0.34 0.94 1.58

Sth-B 11.55 13.9 14.1 0.56 0.66 142 113

4th-B 8.41 143 21.8 0.71 0.81 172 115

3rd-B 4.30 14.4 27.7 0.68 0.81 1.60 0.97

2nd-B 2.38 13.4 453 0.80 1.03 1.90 0.72

1st-B 0.63 12.7 41.0 0.36 0.80 0.98 0.26

Compound Iscin ISPRA SHI

ethyl-benzene | Concentration, ug/m’ [ U, % bias, % Py En Z-scores r-scores Concentration, kg/m*| U, % bias, % P En Z-scores r-scores Concentration, ug/m* | U,% bias, % Pa En Z-scores r-scores
1st-A 0.75 773 1017 0.75 0.61 2.00 194 0.01 1800.0 -97.3 -0.72 -1.23 -1.91 0.60
2nd-A 253 253 61.4 1.06 1.07 2.50 147 0.69 49.3 -56.0 -0.96 -1.21 -2.28 0.78
3rd-A 4.70 17.4 47.0 112 119 2.62 132 176 26.1 -44.9 -1.07 -1.35 -2.51 0.74
4th-A 9.15 13.8 389 126 138 3.03 1.25 4.50 16.4 -317 -1.03 -1.35 -2.47 0.73
Sth-A 13.69 13.0 4.7 158 171 3.92 131 7.59 13.2 -215 -0.81 -1.13 -2.02 0.74
6th-A 18.13 12.8 37.2 1.66 1.83 4.42 132 10.73 11.2 -18.8 -0.84 -1.37 -2.23 0.68
5th-B 13.64 13.0 34.7 138 154 3.50 1.26 7.77 13.1 -23.3 -0.92 -1.34 -2.35 0.72
4th-B 9.25 13.8 34.0 111 123 2.67 123 4.71 16.6 -31.8 -1.04 -1.36 -2.50 0.75
3rd-B 4.75 173 41.0 1.01 1.09 237 1.28 1.88 287 -44.2 -1.09 -1.34 -2.55 0.84
2nd-B 2,57 24.9 56.9 1.01 1.03 2.38 145 0.74 67.6 -54.8 -0.97 -1.10 -2.29 113
1st-B 0.84 69.0 88.0 0.78 0.64 2.10 1.89 0.17 105.9 -61.9 -0.55 -0.99 -1.48 0.59
Compound SHI2 UBA ERLAP

ethyl-benzene | Concentration, ug/m* U, % bias, % Pa En Z'-scores r-scores Concentration, pg/m’ U, % bias, % P En 2Z'-scores r-scores Concentration, pg/m* U, % bias, % Py En Z'-scores r-scores
1st-A 0.17 70.6 -54.3 -0.40 -0.77 -1.07 0.40 0.24 16.7 -35.5 -0.26 -0.56 -0.70 0.13 0.57 18.5 52.0 0.38 0.76 1.02 0.35
2nd-A 0.84 357 -46.4 -0.80 -1.03 -1.89 0.69 119 13.4 -24.1 -0.41 -0.57 -0.98 0.37 1.68 4.2 7.1 0.12 0.17 0.29 0.16
3rd-A 219 183 -315 -0.75 -0.97 -1.76 0.64 2.62 13.7 -18.0 -0.43 -0.56 -1.01 0.58 3.26 22 21 0.05 0.07 0.12 0.12
4th-A 5.59 111 -15.1 -0.49 -0.67 -1.18 0.62 5.94 13.8 -9.8 -0.32 -0.41 -0.76 0.81 6.55 19 -0.6 -0.02 -0.03 -0.05 0.12
5th-A 9.40 83 -2.7 -0.10 -0.15 -0.26 0.57 7.82 141 -19.1 -0.72 -0.97 -1.79 0.81 9.77 17 11 0.04 0.07 0.11 0.12
6th-A 13.28 6.8 0.5 0.02 0.04 0.06 0.51 12.91 13.9 -2.3 -0.10 -0.13 -0.27 1.02 12.60 24 -4.6 -0.21 -0.44 -0.55 0.17
5th-B 9.79 8.2 -3.3 -0.13 -0.20 -0.33 0.57 9.71 14.0 -4.1 -0.16 -0.21 -0.41 0.96 9.49 2.6 -6.3 -0.25 -0.44 -0.63 0.18
4th-B 6.06 10.9 -12.2 -0.40 -0.54 -0.96 0.63 6.36 13.8 -7.9 -0.26 -0.33 -0.62 0.84 6.37 21 -1.7 -0.25 -0.38 -0.61 0.13
3rd-B 252 20.6 -25.2 -0.62 -0.77 -1.46 0.81 2.76 13.8 -18.1 -0.44 -0.58 -1.04 0.59 3.07 3.9 -87 -0.21 -0.30 -0.50 0.19
2nd-B 1.03 46.6 -37.1 -0.66 -0.76 -1.55 1.08 119 134 -27.3 -0.48 -0.67 -1.14 0.36 1.50 6.7 -83 -0.15 -0.21 -0.35 0.23
1st-B 0.24 200.0 -46.3 -0.41 -0.39 -1.11 1.56 0.28 14.3 -37.3 -0.33 -0.77 -0.89 0.13 0.51 16.7 15.1 0.13 0.29 0.36 0.28

(Y)IPA| and |En scores| > 1 are highlighted in red. |Z’ score| between 2 and 3 in blue, being red those values higher than 3. r scores > 95 % and 99 % confident level interval are highlighted in blue and red, respectively

Source: JRC, 2023
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Table 12. r-scores, Z'-scores, En scores, Pa, bias and reported expanded uncertainty of the participants: m,p-xylene

Compound CHMI CHMI2 DHZ-TES

m,p-xylene | Concentration, pg/m’ U, % bias, % Py En 2Z'-scores r-scores Concentration, pg/m’ U, % bias, % Py En 2Z'-scores r-scores Concentration, pg/m* U, % bias, % Pa En 2Z'-scores r-scores
1st-A
2nd-A
3rd-A
4th-A
Sth-A
6th-A
Sth-B
4th-B
3rd-B
2nd-B
1st-B
Ce pu DLI2 EKONERG
m,p-xylene Concentration, pg/m’ | U, % bias, % Pa En Z'-scores r-scores Concentration, pg/m*| U, % bias, % Pa En Z'-scores r-scores Concentration, ug/m* | U, % bias, % Pa En Z'-scores r-scores
1st-A 0.48 50.0 245 0.19 0.31 0.53 0.80 0.38 47.4 -1.4 -0.01  -0.02 -0.03 0.60
2nd-A 176 216 14.7 0.24 0.28 0.55 0.88 147 20.4 -4.2 -0.07 -0.08 -0.16 0.70
3rd-A 3.77 17.0 12.9 0.25 0.28 0.56 1.01 336 16.7 0.7 0.01 0.01 0.03 0.88
4th-A 737 16.0 6.9 0.18 0.19 0.40 113 6.98 15.8 13 0.03 0.04 0.07 1.06
Sth-A 10.31 15.7 19 0.06 0.06 0.13 115 10.05 15.5 -0.7 -0.02  -0.02 -0.04 111
6th-A 13.43 15.6 -4.3 -0.15 -0.16 -0.34 113 13.23 15.4 -5.7 -0.19 -0.22 -0.45 110
Sth-B 10.70 15.7 -0.6 -0.02 -0.02 -0.04 113 10.51 15.6 -2.3 -0.07 -0.08 -0.17 111
4th-B 7.81 15.9 7.0 0.19 0.21 0.42 114 7.44 15.6 2.0 0.05 0.06 0.12 1.07
3rd-B 4.13 16.9 14.8 031 0.34 0.69 1.05 3.76 16.5 4.5 010 0.11 0.21 0.93
2nd-B 197 20.3 14.2 0.24 0.28 0.55 0.88 1.69 18.9 -21 -0.03 -0.04 -0.08 0.71
1st-B 0.60 433 34.6 0.31 0.47 0.84 0.85 0.47 42.6 5.4 0.05 0.09 0.13 0.65
Co EPA ERA IPH-S
m,p-xylene Concentration, pg/m* | U, %  bias, % Pa En 7-scores r-scores Concentration, pg/m*| U, %  bias, % Pa En Z-scores r-scores Concentration, pg/m* | U, %  bias, % Pa En 7-scores r-scores
Ist-A 0.30 133 -22.2 -0.17 -0.43 -0.48 0.13
2nd-A 191 17.8 245 0.39 0.48 0.91 0.79
3rd-A 4.28 16.8 28.2 0.56 0.60 123 113
4th-A 7.97 16.8 15.7 0.40 0.42 0.89 129
Sth-A 11.72 222 15.9 0.47 0.43 1.05 184
6th-A 16.24 21.2 15.8 0.54 0.48 1.24 185
Sth-B 12.53 16.9 16.5 0.53 0.54 121 143
4th-B 8.55 16.8 17.2 0.46 0.48 1.03 132
3rd-B 4.83 17.8 343 0.72 0.75 1.60 129
2nd-B 2.27 185 316 0.53 0.62 121 0.93
1st-B 0.46 17.4 3.2 0.03 0.07 0.08 0.26
Compound Isci ISPRA SHI
m,p-xylene Concentration, pg/m’ | U, % bias, % Py En Z'-scores r-scores Concentration, pg/m’| U, % bias, % Py En Z'-scores r-scores Concentration, ug/m’ | U, % bias, % Pa En Z'-scores r-scores
1st-A 112 83.9 190.5 150 0.77 411 3.13 0.16 162.5 -58.5 -0.46 -0.69 -1.26 0.87
2nd-A 3.02 377 96.8 1.55 111 3.59 2.65 0.55 83.6 -64.2 -1.03 -117 -2.38 1.07
3rd-A 5.65 283 69.2 137 1.09 3.01 251 131 41.2 -60.8 -1.20 -1.35 -2.64 0.85
4th-A 10.81 24.8 56.9 146 113 3.24 2.57 3.41 217 -50.5 -1.30 -1.51 -2.88 0.71
Sth-A 15.82 241 56.4 1.66 122 3.74 271 5.97 17.4 -41.0 -1.21 -1.43 -2.72 0.74
6th-A 20.66 23.8 47.3 161 115 373 2.65 8.81 15.2 -37.2 -1.27 -1.58 -2.94 0.72
5th-B 15.87 241 47.5 1.52 111 3.48 2.58 6.17 17.5 -42.7 -1.36 -1.67 -3.13 0.73
4th-B 10.98 24.8 50.5 136 1.06 3.03 2.50 3.63 22.0 -50.2 -1.35 -1.58 -3.02 0.74
3rd-B 573 283 59.3 124 1.00 2.76 243 140 50.0 -61.1 -1.28 -1.41 -2.84 1.05
2nd-B 3.10 37.4 79.7 133 0.99 3.06 2.56 0.54 333 -68.7 -1.15 -1.49 -2.64 0.40
1st-B 1.16 81.0 160.2 1.42 0.74 3.89 3.06 0.16 112.5 -64.1 -0.57 -1.06 -1.56 0.59
Compound SHI2 UBA ERLAP
m,p-xylene Concentration, pg/m’ U, % bias, % Py En 2Z'-scores r-scores Concentration, pg/m’ U, % bias, % Py En 2Z'-scores r-scores Concentration, pg/m* | U, % bias, % Pa En 2Z'-scores r-scores
1st-A 0.18 66.7 -53.3 -0.42 -0.90 -115 0.40 0.29 6.9 -24.8 -0.19 -0.49 -0.53 0.07 0.58 14.9 50.0 0.39 0.90 1.08 0.29
2nd-A 0.75 58.7 -51.1 -0.82 -0.94 -1.90 1.02 119 8.4 -22.4 -0.36 -0.48 -0.83 0.23 1.92 4.9 25.0 0.40 0.54 0.93 0.22
3rd-A 183 29.5 -45.2 -0.89 -1.01 -1.96 0.85 2.62 8.4 -21.5 -0.42 -0.51 -0.94 0.35 3.89 53 16.4 0.32 0.39 0.71 0.33
4th-A 4.84 15.7 -29.8 -0.76 -0.89 -1.70 0.73 6.05 83 -12.2 -0.31 -0.38 -0.70 0.48 7.91 3.0 14.8 0.38 0.46 0.84 0.23
Sth-A 851 12,5 -15.9 -0.47 -0.55 -1.05 0.75 7.92 8.6 -21.7 -0.64 -0.79 -1.44 0.48 11.73 4.0 15.9 0.47 0.59 1.06 033
6th-A 12.58 10.2 -10.3 -0.35 -0.44 -0.82 0.69 13.28 81 -5.3 -0.18 -0.23 -0.42 0.58 15.41 4.6 9.9 0.34 0.45 0.78 0.38
5th-B 9.05 11.9 -15.9 -0.51 -0.62 -1.16 0.73 10.21 8.0 -5.1 -0.16 -0.21 -0.37 0.55 11.56 7.6 7.4 0.24 0.30 0.54 0.59
4th-B 5.42 15.9 -25.7 -0.69 -0.80 -1.54 0.79 6.78 83 -7.1 -0.19 -0.23 -0.43 0.51 7.76 113 6.4 0.17 0.20 0.38 0.81
3rd-B 221 317 -38.6 -0.81 -0.89 -1.79 1.05 2.95 81 -18.0 -0.38 -0.46 -0.84 0.36 3.76 17.7 4.6 0.10 0.11 0.21 1.00
2nd-B 0.90 80.0 -47.8 -0.80 -0.78 -1.84 159 1.62 6.2 -6.1 -0.10 -0.14 -0.24 0.22 178 24.4 29 0.05 0.06 0.11 0.96
1st-B 0.25 48.0 -43.9 -0.39 -0.84 -1.07 0.39 0.33 121 -26.0 -0.23 -0.56 -0.63 0.13 0.50 50.1 129 0.11 0.18 0.31 0.82

(Y)IPA| and |En scores| > 1 are highlighted in red. |2’ score| between 2 and 3 in blue, being red those values higher than 3. r scores > 95 % and 99 % confident level interval are highlighted in blue and red, respectively

Source: JRC, 2023
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Table 13. r-scores, Z'-scores, En scores, Pa, bias and reported expanded uncertainty of the participants: o-xylene

Compound CHMI CHMI2 DHZ-TES
o-xylene | Concentration, pg/m’ U % bias, % Py En 2-scores r-scores. Concentration, pg/m*| U, %  bias, % Py En Z-scores r-scores. Concentration, pg/m* [ U, %  bias, % Py En Z-scores r-scores
1st-A

2nd-A

3rd-A

4th-A

5th-A

6th-A

S5th-B

4th-B

3rd-B

2nd-B

1st-B

Compound DL DLI2 EKONERG

o-xylene Concentration, ug/m’ U,% bias, % Pa En 7-scores r-scores Concentration, ug/m*| U, % bias, % Py En 7-scores r-scores Concentration, ug/m* [ U, %  bias, % Pa En 7-scores r-scores
1st-A 0.56 286 03 000  -0.01 -0.01 0.50 0.78 25.6 38.9 038 059 0.98 0.62

2nd-A 2.09 182 76 0.13 0.15 0.28 0.80 2.84 176 46.3 076 0.84 170 1.05

3rd-A 4.12 165 11.0 0.23 0.26 0.51 1.00 5.06 16.2 36.3 076 0.81 169 121

4th-A 7.50 16.3 4.7 0.15 0.16 0.34 1.14 7.94 16.1 10.8 034 037 0.79 119

5th-A 1056 163 17 0.06 0.07 0.15 119 1133 16.1 9.1 032 035 0.77 126

6th-A 14.08 16.2 0.2 001 -0.01 -0.02 122 15.08 16.0 6.9 029 032 0.74 130

5th-B 10.89 163 0.0 0.00 0.00 0.00 119 1158 16.1 63 025 027 0.61 124

4th-B 7.82 16.4 4.9 0.15 0.17 036 116 7.99 16.0 7.2 023 025 0.53 116

3rd-B 4.43 16.7 14.9 033 0.37 0.74 1.06 4.84 1655 256 057 062 127 115

2nd-B 2.19 17.4 42 0.08 0.10 0.18 0.77 255 173 214 040 048 0.93 0.89

1st-B 0.66 27.3 12.2 0.12 0.19 0.31 0.56 0.53 34.0 -9.9 -0.10 -0.16 -0.25 0.56

Compound EPA ERA IPH-S

o-xylene Concentration, ug/m’ U,% bias, % Py En Z-scores r-scores Concentration, ug/m’[ U,%  bias, % Py En Z-scores r-scores Concentration, ug/m’ [ U,%  bias, % P, En Z"-scores r-scores
1st-A 0.69 14.5 22.8 0.22 0.40 0.58 0.31

2nd-A 243 14.8 25.2 0.41 0.49 0.93 0.75

3rd-A 418 14.4 126 0.26 0.30 0.59 0.88

4th-A 8.48 16.7 18.4 0.57 0.61 134 132

Sth-A 11.66 17.7 123 0.44 0.45 1.04 1.43

6th-A 15.08 212 6.9 0.29 0.26 0.74 172

5th-B 1223 146 123 0.48 0.54 118 119

4th-B 9.00 15.1 20.7 0.65 0.71 1.54 123

3rd-B 4.61 15.6 196 0.44 0.48 0.98 104

2nd-B 261 14.6 2.2 0.46 0.56 105 0.77

1st-B 0.89 15.7 513 0.52 0.85 132 0.43

Compound Isci ISPRA SHI

o-xylene Concentration, yg/m’ U, % bias, % Pa En Z'-scores r-scores Concentration, ug/m*| y, 3% bias, % Py En Z'-scores r-scores Concentration, ug/m* [ U, % bias, % Py En Z'-scores r-scores
1st-A 129 310 1296 128 144 328 125 0.22 1091  -60.8 060  -0.88 -1.54 0.75
2nd-A 3.42 17.0 76.1 1.25 134 2.80 1.22 0.79 55.7 -59.3 -0.97 -111 -2.18 0.92
3rd-A 6.11 14.4 64.6 136 142 3.00 130 188 319 494 104 -117 -2.30 0.88
4th-A 11.40 137 59.1 185 187 433 145 4.84 19.0 325 -101 -124 -2.38 0.86
5th-A 16.66 13.4 60.5 214 2.10 5.12 156 8.09 14.8 221 078 -0.9 -1.87 0.83
6th-A 21.44 133 52.0 218 215 5.56 1.53 11.36 121 -19.5 -0.82 -1.18 -2.09 0.74
5th-B 16.67 13.4 53.1 2,05 2.05 5.10 1.50 8.32 14.4 236 091  -1.23 -2.27 0.80
4th-B 1145 136 53.6 169 174 3.97 141 5.06 19.0 321 -102  -124 -2.38 0.87
3rd-B 6.17 14.6 60.1 134 140 299 1.29 2.05 31.2 -46.8 -1.04 -1.18 -2.33 0.92
2nd-B 3.39 17.1 61.3 115 127 2.66 117 0.81 69.1 -61.4 -1.16 -1.28 -2.66 113
1st-B 1.36 309 1312 132 1.45 337 1.30 0.22 1091 -626 063 -091 -1.61 0.74
Compound UBA ERLAP

o-xylene Concentration, pg/m’ U % bias, % En Z'-scores r-scores Concentration, ug/m*|  U,% bias, % Py En Z-scores r-scores Concentration, ug/m* | U, %  bias, % Py En Z'-scores r-scores
1st-A 0.22 90.9 -60.8 -1.54 0.62 0.28 143 502 049  -091 -1.27 0.12 0.66 36 173 0.17 031 0.44 0.07
2nd-A 0.98 3838 -49.5 -1.82 0.80 114 15.8 413 -068  -0.84 -1.52 038 184 3.8 5.1 008  -0.10 -0.19 0.15
3rd-A 241 19.1 -35.1 -1.63 0.68 251 15.9 -32.4 -0.68 -0.80 -1.51 0.59 3.43 24 -7.5 -0.16 -0.19 -0.35 0.12
4th-A 6.17 13 -13.9 -0.56 -1.02 0.65 5.91 159  -175  -055  -0.67 -1.28 0.88 6.52 17 9.0 028 -039 -0.66 0.10
5th-A 1030 83 0.8 -0.04 -0.07 0.60 7.64 16.0 264 093  -118 223 0.85 9.67 25 6.8 024 -035 -0.58 0.17
6th-A 14.49 6.2 27 0.18 0.29 0.48 13.12 15.9 -7.0 029 -035 -0.75 112 1232 29 127 -053  -0.94 -1.36 0.19
5th-B 10.79 8.0 0.9 -0.05 -0.09 057 9.91 15.9 9.0 035 -0.42 -0.86 1.06 9.57 4.0 121 -047 076 116 0.26
4th-B 6.70 13 -101 -0.41 -0.75 0.69 6.41 159  -140  -044  -053 -1.04 0.92 6.35 63 148 -047  -0.64 -1.10 036
3rd-B 278 209 -27.9 -0.72 -1.39 0.83 271 16.2 297 066  -0.79 -1.48 0.63 3.24 89 158 035  -0.43 -0.79 0.41
2nd-8 113 46.0 -46.2 -0.99 -2.00 1.05 114 158 457  -086  -113 -1.98 036 1.70 106 192 036 -0.47 -0.83 036
1st-B 0.29 483 -50.7 -0.84 -1.30 0.43 0.28 214 524 053 -0.93 -1.34 0.19 0.69 184 17.7 0.18 0.30 0.45 0.39

(Y)IPA| and |En scores| > 1 are highlighted in red. |Z’ score| between 2 and 3 in blue, being red those values higher than 3. r scores > 95 % and 99 % confident level interval are highlighted in blue and red, respectively

Source: JRC, 2023
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Out of the 11 laboratories, only 6 participated in the last inter-laboratory comparison (EUR 30239 EN, 2020).
Among the total participants, only 7 reported on toluene, and 5 reported on Cg compounds.

Regarding the last comparison, there was a slight improvement in the percentage of E, score outliers for
benzene and m,p-xylene. However, this was accompanied by an increase in reported uncertainties, which
suggests that the method may not have actually improved (refer to Figure 10). In contrast, the outlier
percentage for the other compounds increased significantly compared to the previous exercise. This was also
reflected in the reproducibility value of the exercise, especially for ethyl-benzene and o-xylene, indicating a
deterioration in the quantification of these compounds and approaching the results from 2016, prior to the
reduction in concentration levels used for the 2019 comparison.

Figure 10. Comparison of proficiency test exercises 2016 and 2019
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4 Conclusions

Despite the participation of fewer laboratories in this exercise (11 compared to 13 in the previous one), the
number of replicated instrumentation increased significantly. In the previous exercise, only one laboratory
participated with replicated instrumentation, while in this exercise, five laboratories brought replicated
instrumentation. However, it's worth noting that two of these laboratories reported results from only one
instrument, and another laboratory involved a pumped tube system with off-line analysis.

The repeatability values obtained in this comparison exercise were similar to those reported in the last inter-
laboratory comparison in 2019, with values ranging from 6% to 10% and increasing with the carbon number.
However, the reproducibility values were only comparable to the previous exercise for benzene and toluene, at
around 13 % and 16 %, respectively. In contrast, the Cs compounds showed a significant increase in
reproducibility values, exceeding 30 %. This was also reflected in the deterioration of the method robustness
for these compounds, with y values greater than 3.

Lastly, it's worth noting that the reported statistics (r score, Z’ score, and P,) were referenced against the
prescribed standard deviation for the proficiency assessment, ons;. These scores confirmed a decrease in the
measurement quality of aromatic compounds with a carbon number >C;, as well as a slight improvement in
benzene measurement.
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AQUILA
BTEX
CG
CHMI
Conc.
D.D.
DLI

EC
EKONERG
EPA
ERA
ERLAP
EU

FID
H.C.

id.
IPH-S
ISO
ISPRA

Pa

QA/QC
na.

NPL
NRL

PID
ppb(m/m)
Press. Cyl.
P.T.

RSD

SHI
stdev
STEOL
Tr. Std.
U

U %

score Py =

Air quality reference laboratories
Benzene, toluene, ethyl-benzene, xylene
Gas chromatograph
Czech Hydrometeorological Institute (Czech Republic)
Concentration
Dynamic Dilution
Department of Labour Inspection. Ministry of Labour and Social Insurance (Cyprus)
European Commission
Energy and Environmental Protection Institute (Croatia)
Environmental Protection Agency (Ireland)
Environment & resources Authority (Malta)
European Reference Laboratory of Air Pollution
European Union
Flame ionization detector
Hydrocarbons
Internal diameter
Institute of Public Health of Belgrade (Serbia)
International Standard Organisation
Istituto Superiore per la Protezione e Ricerca Ambientale (Italy)
level of significance
Limit value
Clab—Cref
/(3 “BN37) Ul
Quality assurance quality control
Not available
National Physical Laboratory (United Kingdom)
National Reference Laboratory
Photo ionization detector
Part per billion, molar fraction
Pressurised cylinder
Permeation tubes
Relative standard deviation, %
Slovak Hydrometeorological Institute (Slovakia)
standard deviation
Star Trek Entrerprise Organic Laboratory
Travelling standard
Expanded Uncertainty

Relative Expanded Uncertainty
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UBA Umweltbundesamt (Germany)

VSL National Metrology Institute (The Neatherland)
C Average concentration value
Ci Average concentration value of i measurements
C Inter-laboratory average concentration
¢’ Robust average value
Crer Reference concentration value
(o refers to hydrocarbons with 7 atoms of carbon
Cs refers to hydrocarbons with 8 atoms of carbon
_ Ciab=Crer
. B = /UlzabJrUrzef
ki Mandel-k value for laboratory i
n Number of replicated analysis
p Number of participating laboratories or number of inter-laboratory measurements
Standard deviation of the robust average value
Shias Standard deviation of the bias
Se Standard deviation of the average inter-laboratory value
Si Standard deviation of the sample i.
5.2 Inter-laboratory variance or between-laboratory variance
SLyay SLysy = [6,337 - %: between laboratory standard deviation from the prescript conditions of
proficiency assessment of AQUILA network.
s Repeatability variance or intra-laboratory variance
SH Reproducibility variance
u Uncertainty of the method
Ucref Uncertainty associated with the reference concentration value C.r
Upt Standard uncertainty of the robust value of the proficiency assessment
ug/m? Micrograms per cubic meter
a Level of significance
Yy Y = sg/S¢, gamma value
o Standard deviation
7 Standard deviation for proficiency assessment
Om minimum standard deviation of proficiency assessment coherent with method reproducibility
On37 Standard deviation for proficiency assessment prescript by AQUILA network
(1-a) Confidence level
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Annexes

Annex 1. Work schedule for the inter-laboratory comparison exercise

Sept. 26th: Arrival of participants and installation of equipment: 14:00 to 17:30

Sept. 27th: Calibration and Synchronization: 9:00 - 13:30 / Measurements starting: 14:30
Sept. 28th: End of measurements: 15:30 / Calibration 15:30 — 17:30

Sept.29th: Dismantling of equipment and departure of participants.
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Annex 2. Indicators of Mandel’s statistic

Table A 14. k and h values

Number of Laboratories

k values at of s.l. (%)

h values at s.l. (%)

3 replicates 5 replicates

p 1% 5 % 1% 5 % 1% 5 %
3 164 153 153 14 115 115
4 1.77 159 16 144 149 142
5 1.85 162 1.65 1.46 172 157
6 19 164 168 1.48 187 166
7 194 166 17 149 198 171
8 197 167 171 15 2.06 175
9 1.99 168 173 15 213 178
10 2 168 174 15 2.18 18

11 201 1.69 174 151 222 1.82
12 202 1.69 175 151 2.25 183
13 203 1.69 176 151 227 184
14 204 17 176 152 23 185
15 205 17 176 152 232 1.86
16 2.05 17 177 152 2.33 1.86
17 2.06 17 177 152 2.35 1.87
18 2.06 171 177 152 236 1.88
19 2.07 171 178 152 237 1.88
20 2.07 171 178 152 239 1.89
21 2.07 171 178 152 239 1.89
22 2.08 171 1.78 152 24 1.89
23 2.08 171 1.78 153 241 19

24 2.08 171 1.79 153 242 19

25 2.08 171 179 153 242 19

26 2.09 171 1.79 153 243 19

27 2.09 171 1.79 153 244 191

(%) s.l. : significance level

Source: 1S0O 5725-2 (2019)
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Annex 3. Robust Analysis: Estimation of robust average and standard deviation

is derived from a convergence process of the following equation:

The robust estimation of an average value, (fl-*, and standard deviation, s* of p inter-laboratory measurements

N2
st = 1134 . |BG=D*
r-1)

Where recurrent values are calculated from these equations:

G —15-s"if G <C—15-5"

Ci={ C+15-s"if ¢;>C+15 5"
C; otherwise
The initial values are calculated as:
C; = medianof C; (i= 1,2,.p)

%)
Il

1.483 - median of |C; — G| (i = 1, 2,..p)
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Annex 4. Repeatability, reproducibility and robustness of previous comparison exercises

Table A 15. Average repeatability, reproducibility and gamma values: 2nd inter-laboratory exercise

Repeatability, %

Reproducibility, %

Robustness (y)

Benzene
Toluene
Ethyl-benzene
m,p-Xylene

o-Xylene

14
18
22
42
31

17.8
100
97
8.0
165

17.2
71
61
21
6.7

Source: Pérez Ballesta et al. EUR 23792EN, 2009

Table A 16. Average repeatability, reproducibility and gamma values: 3rd inter-laboratory exercise

Repeatability, %

Reproducibility, %

Robustness (y)

Benzene
Toluene
Ethyl-benzene
m,p-Xylene

o-Xylene

4.7
42
94
93
9.7

79

151
20.0
266
17.7

1.7
36
22
28
18

Source: Pérez Ballesta et al. EUR 27012EN, 2014

Table A 17. Average repeatability, reproducibility and gamma values: 4th inter-laboratory exercise

Repeatability, %

Reproducibility, %

Robustness (y)

Benzene
Toluene
Ethyl-benzene
m,p-Xylene

o-Xylene

4.26
397
6.44
7.46
6.02

8.38
9.15
12.22
1431
14.19

2.05
2.36
199
2.06
2.34

Source: Pérez Ballesta et al. EUR 28692 EN, 2017

Table A 18. Average repeatability, reproducibility and gamma values: 5th inter-laboratory exercise

Repeatability, %

Reproducibility, %

Robustness (y)

Benzene
Toluene
Ethyl-benzene
m,p-Xylene

o-Xylene

562
6.23
891
9.38
8.94

1351
1196
2162
21.04
18.80

2.15
191
248
213
215

Source: Pérez Ballesta et al. EUR 30239 EN, 2020

38



Annex 5. Conversion factors for data reporting

Table A 19. ug/m?* to ppb (v/v) conversion factors

Conversion factor, pg/m?/ ppb (v/v)

Benzene 3.25
Toluene 3.83
Ethyl-benzene 441
Xylenes 441

(%) ppb(m/m) to ppb(v/v) factors were not taken into account.

Source: Pérez Ballesta et al. EUR 30239 EN, 2020
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Annex 6. Scattering of Laboratory Results

The scattering of results is represented in terms of biases with respect to the reference value or deviations of
the reference value with respect to the reported laboratory value when this value is lower than the reference’s
one:

bias (%) = deviation (%), if laboratory value > reference value Eq. A 19

deviation (%)
100+deviation (%)

bias (%) = - 100, if laboratory value < reference value Eq. A 20

Figure A 11. Results of the inter-laboratory comparison: Deviation (%)
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Annex 7. h and k statistic results of the inter-laboratory comparison
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Figure A 12. Initial k-values for the inter-laboratory comparison exercise
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Figure A 13. Initial h-values for the inter-laboratory comparison exercise
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Figure A 14. Benzene: initial and converged h and k statistics
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Figure A 15. Toluene: initial and converged h and k statistics
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Figure A 16. Ethyl-benzene:
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Figure A 17. m,p-Xylene: initial and converged h and k statistics
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12

Figure A 19. Number of outliers identified by laboratory and compound after convergence
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Table A 20. Removed outliers for the estimation of the repeatability and the reproducibility of the comparison exercise

benzene toluene ethyl-benzene m,p-xylene o-xylene
LEVEL k-value h-value k-value h-value k-value h-value k-value h-value k-value  h-value
1stA DHZ-TES, IPHS ISPRA ISPRA ISPRA ISPRA
IPHS, ISCII],
ISPRA
2nd A IPHS, ISCIII, EPA IPHS ISPRA ISPRA
SHI2
3rd A CHMI, IPHS IPHS ISPRA ISPRA
4th A CHM IPHS ISPRA
5th A CHM IPHS ISPRA, ISPRA
ERA
6th A CHM IPHS ISPRA, ISPRA, ISPRA
SHI ERA
5th B CHM IPHS ISPRA ISPRA
4th B CHM EPA IPHS ISPRA
3rd B CHM, IPHS EPA CHMLI, IPHS ISPRA
2nd B IPHS IPHS ISPRA,SHI2
1stB DHZ-TES, IPHS ISPRA,SHI2 ISPRA ISPRA ISPRA
[PHS, ISPRA

Source: JRC, 2023
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Annex 8. r score, Z’' score and E, score of the inter-laboratory comparison

Figure A 20. Repeatability score (r score) for the inter-laboratory comparison exercise
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Figure A 21. 7' score for the inter-laboratory comparison exercise
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Eyscore
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Figure A 22. E, score for the inter-laboratory comparison exercise
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Annex 9. Analysers and method description: example of reporting sheet

Figure A 23. Reporting sheet

Participating Laboratory Star Trek Enterprise Organic Laboratory
Acronym STEOL
Person(s) responsible Spock
Contact e-mails: SPOCK@ENTREPRISE.STARTREK
Telephone contact: .+5557722
Characteristic of your BTEX analyser
Trademark SPECTRA
Model: GC-007
Version: ALFA
Year of manufacture: 3016
Helium Nitrogen |Hydrogen |Carbon dioxide Air

Carrier gas: YES -
Other gases used: - — = — YES
Operating system: ) MICROSOLVE DOORS 3000

SECOND EDITION
Cycle time, min: 15 min
Adsorbent material: TENAX GR 35-60 mesh (Length 8 cm)
Sampling control Piston - pump
Sampling temperature, °C Ambient temperature
Sample volume, ml 100 mL
Number of adsorbent tubes 1

Desorption temperature, *
Desorption time, sec
Desorption flow, ml/min
Cryo-trap detail

Trapping temperature, °C

KRIPTONITE GR 35-60 mesh (Length 8 cm)
Ambient temperature

Desorption temperature, °C 180°C Desorption time, sec [40s
Desorption flow, ml/min 1,5 mL/min split flow, ml/min
Stripper column TTREK 555: 94% dimethylpolysiloxane- 6% cyanopropylphenyl ID 0,32 mm; Film 1,§
Analytical column Capillary column STAR TREK 624
phase: 94% dimethylpolysil - 6% cyanopropylphenyl
length, m:[13 m
diameter (ID) mm:|0,32 mm
thickness (um):|1,8 mm
0 min-3 min at 50 °C; 3 min-6 min ramp at 20/3 °C/min;
6 min-11 min at 70 °C; 11 min-14 min ramp at 20/3 °C/min;
analytical conditions: 14 min-15 min at 50 °C
Traceability of your calibration Standard
Certified reference material (CRM): Earth & Mars Institute (EMI)
Certified by Earth & Mars Institute (EMI)
Certified number: 555 999
Compou.nd Concentration, ppb (mol/mol)| E: ded Uncertainty, slimol)
Benzene 500 x 10-9 mol/mol +15 x 10-9 mol/mol
Toluene 487 x 10-9 mol/mol +15 x 10-9 mol/mol
Ethyl-benzene 254 x 10-9 mol/mol + 7 x 10-9 mol/mol
m-Xylene 128 x 10-9 mol/mol + 4 x 10-9 mol/mol
p-Xylene 124 x 10-9 mol/mol + 4 x 10-9 mol/mol
o0-Xylene 243 x 10-9 mol/mol + 7 x 10-9 mol/mol
Other methods
Dilution of CRM CALIBRATOR SPOCK MODEL 3000. RANGE 0 nmol/mol - 15 nmol/mol
Static Injection
Permeation
Additional

Source: Pérez Ballesta et al. EUR 30239 EN, 2020
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(european-union.europa.eu/contact-eu/meet-us en).

On the phone or in writing

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,

— via the following form: european-union.europa.eu/contact-eu/write-us 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 (european-
union.europa.eu).

EU publications

You can view or order EU publications at op.europa.eu/en/publications. Multiple copies of free publications can be obtained by
contacting Europe Direct or your local documentation centre (european-union.europa.eu/contact-eu/meet-us en).

EU law and related documents

For access to legal information from the EU, including all EU law since 1951 in all the official language versions, go to EUR-Lex (eur-
lex.europa.eu).

Open data from the EU

The portal data.europa.eu provides access to open datasets from the EU institutions, bodies and agencies. These can be downloaded
and reused for free, for both commercial and non-commercial purposes. The portal also provides access to a wealth of datasets
from European countries.


https://european-union.europa.eu/contact-eu/meet-us_en
https://european-union.europa.eu/contact-eu/write-us_en
https://european-union.europa.eu/index_en
https://european-union.europa.eu/index_en
https://op.europa.eu/en/publications
https://european-union.europa.eu/contact-eu/meet-us_en
https://eur-lex.europa.eu/
https://eur-lex.europa.eu/
https://data.europa.eu/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.

15 .
EU Science Hub
1 joint-research-centre.ec.europa.eu

g @EU_ScienceHub

ﬂ EU Science Hub - Joint Research Centre
m EU Science, Research and Innovation
EU Science Hub

EU Science



	1 Introduction
	2 Inter-laboratory comparison strategy
	2.1 Participating laboratories and instrumentation
	2.2 Reference values and uncertainties
	2.3 Statistical considerations
	2.3.1 Reported concentration and uncertainty
	2.3.2 Linearity test
	2.3.3 Repeatability, reproducibility and robustness of the method
	2.3.4 Repeatability scores
	2.3.5 Z’ scores
	2.3.6 En scores
	2.3.7 PA scores


	3 Results and discussion
	3.1 Data reporting
	3.2 Linearity test
	3.3 Blank levels
	3.4 Outliers, repeatability, reproducibility and robustness of the method
	3.5 N37 and minimum standard deviation compatible with the reproducibility of the proficiency assessment
	3.6 r score, Z’ score, PA and En score

	4 Conclusions
	References
	List of abbreviations and definitions
	List of figures
	List of tables
	Annexes
	Annex 1. Work schedule for the inter-laboratory comparison exercise
	Annex 2. Indicators of Mandel’s statistic
	Annex 3. Robust Analysis: Estimation of robust average and standard deviation
	Annex 4. Repeatability, reproducibility and robustness of previous comparison exercises
	Annex 5. Conversion factors for data reporting
	Annex 6. Scattering of Laboratory Results
	Annex 7. h and k statistic results of the inter-laboratory comparison
	Annex 8. r score, Z’ score and En score of the inter-laboratory comparison
	Annex 9. Analysers and method description: example of reporting sheet


