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Abstract 

This report presents the results of the fifth inter-laboratory comparison for BTEX automatic analysers 
performed at the JRC Ispra from the 23rd to the 26th of September 2019. Thirteen 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 µg/m3. The exercise was 
evaluated according to ISO 13528 methodologies for the evaluation of inter-laboratory proficiency assessment 
and the recommendation of the protocol N37 of the AQUILA network. Participating laboratories were 
identified as requested by the afore-mentioned protocol. 

The robust average value calculated according to ISO13528 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 score, Z-score, bias and En 
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). The decrease in concentration avoided problems of sample’s overload at 
the highest concentrations, i.e. toluene. For benzene and toluene, average repeatability and reproducibility 
values were about 6 % and 13 %, respectively. Ethyl-benzene, m,p-xylene and o-xylene showed higher 
repeatability values of around 9 %, while their values of reproducibility were about 20 %. 
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1 Introduction 

This aromatic compounds’ inter-laboratory comparison exercise is the fifth exercise carried out by the Joint 
Research Centre aiming to fulfil the QAQC programme for the harmonization 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 23rd to the 26th September 2019. 
Participants were required to register and provide a detailed description of their instrumentation. In this 
exercise, the average robust value was adopted as the reference value of the inter-laboratory comparison. On 
the other hand, concentrations were also reduced by a factor of two, to fit with a range of concentrations 
better representing of actual ambient air levels in Europe. 

In agreement with the AQUILA N37 protocol, participating laboratories are identified in the report. 
Measurement results are evaluated according to the repeatability-score, Z-scores and the En scores. The report 
also provides additional information regarding linearity test, blank levels, overall repeatability and 
reproducibility values and robustness of the method. 
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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 is shown in the Annex 8: Analysers and method description 
from participating laboratories. 

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). 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. 

In this inter-laboratory comparison, to fit with more realistic sceneries of the current air pollution state in 
Europe, concentration levels were reduced by half with respect to the previous exercises. As an additional 
difference from previous inter-laboratory exercises, the reference concentration was derived from the robust 
average concentration of the exercise. Furthermore, laboratories were requested to calculate the uncertainties 
associated with the average concentration of each level. On the other hand, ERLAP results were included in the 
comparison and managed as any other participant. 

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

 

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

Fourteen 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 instrumentation used by each laboratory. DMRS reported results from two 
different instruments. Therefore, from the fifteen instruments in comparison, eight had a flame ionization 
detector (FID), while the others seven 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 

EKONERG 
Energy and Environmental Protection 
Institute 

Croatia Predrag Hercog, Jean-Luc Picard (AKA)  

ISPRA 
Istituto Superiore per la Protezione e 
Ricerca Ambientale - Area Metrologia 

Italy Damiano Centioli, Fabio Cadoni 

DLI 

Department of Labour Inspection 

Ministry of Labour, Welfare and Social 
Insurance 

Air Quality Section 

Cyprus Christos Kizas, Christos Papadopoulos 

GIOS 
Chief Inspectorate of Environmental 
Protection  

Poland Andrzej Pindel, Tomasz Fraczkowski 

VMM Vlaamse Milieumaatschappij Belgium Jan Petré, Tine Fierens 

EPA Environmental Protection Agency Ireland Kevin Delaney, Joe Reilly 

REE Ricardo Energy and Environment United Kingdom James Dernie, Luke Doman 

LIKZ 

Ambient Air Testing Laboratory 

Croatian Hydrological and Meteorological 
Service 

Croatia Lovro Hrust, Mladen Rupcic 

AAA Environmental Protection Agency Lithuania Juozas. Molis, Rolandas Kybartas 

DCMR DCMR Milieudienst Rijnmond The Netherlands Ed van der Gaag, Han Scaf 

APPA 
Agenzia Provinciale Per l’Ambiente e la 
Tutela del Clima (Bolzano) 

Italy Oswald Vigl, Günther Kerschbaumer 

SHMU Slovak Hydrometeorological Institute Slovakia Peter Holoman, Maros Jurcovic 

IPH Institute of Public Health of Belgrado Serbia Andrej Sostaric, Slaviša Mladenovic’ 

JRC Joint Research Centre – ERLAP 
European 
Commission 

Andrea Baù, Pascual Pérez Ballesta,  

  



6 

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

Code Analyser 
Cycle time, 

min 
Detector 

Column: 

Length, i.d.*, film thickness 

Operational conditions 

Adsorbent, Sampled volume 

Desorption conditions 

EKONERG 
Chromatotec AirmoVOC 

GC866 (2014) 

 

15 
FID 

MXT30CE 30 m, 0.28 mm, 1 µm 

44°C,2°C/min, 45°C,15°C/min, 165°C(360s) 

Carbopack B, 470 ml 

80°C  for 120 s 

 

ISPRA 
ORION BTX 2000 – 

SRI 8610C (2006) 
30 PID 

RESTEK #80129 

5% RT1200 / 5% Bentone on  

100/120 Silcoport, 2 m, 2 mm i.d. T=80°C 

Tenax GR 

200 °C for 210 s at 20 ml/min 

DLI 
Chromatotec 

airmoVOC (BTEX) 

 

15 
FID 

MX T30 ce , 30 m, 0.28 mm i.d., 1 µm 

45-165 °C 

Tenax GR, Carbopack B, X  & C, 782.35 
ml 

380 °C for 120 s 

GIOS 
SYNSPEC Analyser GC 955, Vers. 
601 (2018) 

15 PID 
SY-5: 12 m, 0.32 mm, 1 µm 

50°C (3 min), 10°C/min,70°C (7 min) 

Tenax GR, 35 ml 

180°C for 26 s, 1.5 ml/min 

VMM 

Chromatotec 

Airmo BTEX Mcerts-A21022 
(2018) 

15 FID 
MXT30CE: 30 m, 0.28 mm, 1 µm 

43-45°C (2°C/min) 45-165°C (15°C/min) 

2-phases C6, 450 ml 

380°C for 120 s, 3-4 ml/min 

EPA 
SYNTECH Analyser GC 955, Vers. 
600, 2008 

15 PID 
AT-5, 13 m, 0.32 mm, 1µm 

45°C (240 s),14°C/min, 80°C (1 min) 

Tenax GR 35/60, 210 ml 

180°C for 60 s, 1.5 ml/min 

REE 
Environment S.A. 

VOC71M (2005) 
15 PID 

SPB-624: 13 m, 0.32 mm, 1.8 µm 

34°C (115 s),20°C/min,150°C (155 s) 

Carbopack-X, 900 ml 

350°C for 180 s, 1 ml/min 

LIKZ 
Chromatotec GC866 FID 
airmoVOC 

15 FID 
MXT 30 XE: 30 m, 0.28 mm i.d. 1 µm 

                          -- 

Carbotrap, 425 ml 

350°C for 180 s 

AAA 
AMA Instrument, CG5000 BTX FID, 
2017 

30 FID 
AMAsep1, 30 m, 0.32 mm, 1.5 µm 

50°C (180 s),8°C/min,130°C (5’) 

Carbotrap, 300 ml 

230°C  for 180 s, 2 ml/min 

DCMR 
Environment S.A. ENVEA) 

VOC72M (2017) 
15 PID 

aplar: 15 m, 0.25 mm, 1 µm 

20°C - 170°C 

Carbotrap, 220 ml 

380°C for 380 s 

DCMR2 
AMA instruments GmbH GC5000 
BTX, 2017 

20 FID 
AMAsep-1 : 30 m, 0.32 mm, 1.5 µm 

30°C-210°C 

Tenax, 300 ml 

350°C for 9 s 

APPA 
Syntech Spectras GC955-600 vers. 
2 2008 

30 PID 

AT-5, 13 m, 0.32 mm i.d., 1 µm 

50°C-70°C 

 

Tenax GR 35-60 mesh, 

175°C for 1.5 s 

SHMU 
Syntech Spectras GC955 Model 
601, 2015 

15 PID 

Synspec SY-1, 15 m, .32 mm i.d., 1 µm 

50°C (3 min),10°C/min,70°C (7 min), -
10°C/min,50°C 

Tenax GR 

175°C 

IPH 
SYNTECH SPECTRAS Analyser GC 
955, 2009 

15 PID 

AT-624: 15 m, 0.32 mm, 1 µm 

50°C (3 min),10°C/min,70°C (7 min), -
10°C/min,50°C 

Tenax GR, 210 ml 

180°C for 60 s, 1.5 ml/min 

JRC 
GC6890N Agilent  

ATD-50 Perkin Elmer 
30 FID 

Dean switch double column  

DB-1, 50 m 0.32 mm i.d. 1.2 µm 

Al2O3 KCl 50 m 0.32 mm i.d. 8 µm 

40°C (5 min),6°C/min,200°C (15 min) 

Air Toxic trap, 600 ml. 

300 °C 10 min 

* i.d.: internal diameter 
** n.a.: not available 
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Table 3. Reference material used by the participating laboratories 

Laboratory Reference Material 
Benzene 

ppb(m/m) 

Toluene 

ppb(m/m) 

Ethyl-benzene 

ppb(m/m) 

m-Xylene 

ppb(m/m) 

p-Xylene 

ppb(m/m) 

o-Xylene 

ppb(m/m) 
Producer Certified by 

Certification 
date 

EKONERG 
Press. Cyl. 

D.D. 
1380±75 1319±72 1255±69 2699±146 1326±73 

Hungary 
meteorogy 
service 

Hungary 
meteorogy 
service 

12/09/2019 

ISPRA 
Press. Cyl. 

D.D. Orion OGD2000 

9.98 ± 0.20 

410±32 

9.98 ± 0.20 

395±31 

9.98 ± 0.28 

409±32 

10.01± 0.41 

392±31 

9.99 ± 0.37 

391±31 

10.00 ± 0.38 

395±31 
SIAD S.p.A SIAD 23/05/2019 

DLI 
Press. Cyl. 

D.D. (Dilutor Sabio 4010) 
681±20 683±20 693±21 665±20 662±20 686±21 VSL VSL 27/11/2017 

GIOS 
Press. Cyl. 

D.D. MCZ CGM200 
1142±57 1184±118 1274±127 1200±120 1218±122 1232±123 AirLiquid AirLiquid 11/08/2017 

VMM 
Press. Cyl. 

D.D. (AirQrate) 
4.89± -- 4.89± -- 4.917± -- 4.846± -- 4.917± -- - NPL NPL 17/01/2018 

EPA Press. Cyl. 9.88±0.20 9.614±0.25 10.39±0.26 20.2±0.60 9.34±0.25 NPL NPL 21/05/2019 

REE 
Press. Cyl 

VOC 30 HC. 
4.00 ± 0.08 4.00±0.08 4.00±0.08 8.00±0.16 4.03± 0.08 NPL NPL 08/03/2019 

LIKZ Press. Cyl. 12.18±0.25 11.85±0.30 12.81±0.33 24.90±0.70 12.26±0.31 NPL NPL 26/6/2018 

AAA 
Press. Cyl. 

DD. (Umwelttechnik MCZ) 
4830±130 4670± 120 - - - - NPL NPL 06/02/2019 

DCMR Press. Cyl. 12.00 ± 0.50 12.00±0.50 12.10±0.50 24.00±0.50 11.80 ±0.50 VSL VSL 12/09/2017 

APPA 
Press. Cyl. 

P.T. (Horiba 360) 
189.8 ±3.8 189.7±3.8 190.1 ±59 190.7 ± 4.2   SIAD ACCREDIA  

SHMU Press. Cyl. 1.000±0.021, 5.00±0.10, 10± -- NPL NPL 21/11/2017 

IPH 
Press. Cyl. 

D.D. (ASGU 370 P) 
2000      MESSER MESSER 22/06/2019 

JRC 
Press. Cyl. 

D.D. 

4 

200 

4 

200 

4 

200 

4 

200 
 

4 

200 

NPL 

AirLiquid 

NPL 

AirLiquid 
29/06/2016 

Press. Cyl.: Pressurised cylinder; D.D.: Dynamic Dilution; n.a.: not available; P.T.: Permeation Tubes; ppb(m/m): concentration in part per billion with respect to molar fraction ± its expanded uncertainty (k=2)



8 

2.2 Reference values and uncertainties 

Based on the experience from previous inter-laboratory comparison exercise, the robust average value calculated according to 
ISO 13528 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. 

It is noted that in the calculation of the robust average, those laboratories identified by the h statistic with more than 50 % of 
outliers in their results were, a priori, excluded from the calculation of the robust average. This was the case of REE and SHMU 
for benzene and IPH for m,p-xylene (see Figure A 7). 

In line with ISO 13528, the standard uncertainty assigned to the robust value of the proficiency test, upt, was estimated as: 

𝑢𝑝𝑡 =
1.25 ⋅ 𝑠∗

√𝑝
 

Eq. 1 

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. 

The reference concentrations and corresponding uncertainties are given in Table 4. 

Table 4. Reference values and associated uncertainties of the exercise 

Level Benzene 

Conc., µg/m3 

uncertainty (1σ) 

% 

Toluene 

Conc., µg/m3 

uncertainty (1σ) 

% 

Ethylbenzene 

Conc., µg/m3 

uncertainty (1σ) 

% 

1ST-A 0.43 15.54 2.08 3.08 0.30 21.77 

2ND-A 2.56 2.88 10.01 2.92 1.62 5.26 

3RD-A 5.22 1.88 19.91 1.09 3.26 3.36 

4TH-A 10.79 1.12 40.68 1.08 7.25 1.57 

5TH-A 15.62 1.12 59.71 1.15 10.76 1.32 

6TH-A 21.66 0.88 81.09 1.33 14.77 1.05 

5TH-B 15.46 2.05 59.54 1.93 10.87 1.23 

4TH-B 10.37 2.07 39.10 1.63 7.28 1.47 

3RD-B 4.90 2.32 18.73 3.10 3.36 2.82 

2ND-B 2.74 3.12 10.67 4.02 1.94 4.82 

1ST-B 0.62 10.61 2.80 4.58 0.43 20.03 

Level m,p-Xylene 

Conc., µg/m3 

uncertainty (1σ) 

% 

o-Xylene 

Conc., µg/ m3 

uncertainty (1σ) 

% 

  

1ST-A 0.34 19.25 0.39 16.44   

2ND-A 2.02 5.15 1.84 3.94   

3RD-A 3.65 2.45 3.46 2.28   

4TH-A 7.82 1.38 7.78 1.28   

5TH-A 11.54 1.03 11.75 1.09   

6TH-A 15.88 0.96 15.87 0.94   

5TH-B 11.68 1.39 11.62 1.52   

4TH-B 7.80 1.47 7.68 1.70   

3RD-B 3.61 2.75 3.49 2.76   

2ND-B 1.94 4.07 2.08 3.56   

1ST-B 0.42 15.60 0.56 12.62   
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2.3 Statistical considerations 

2.3.1 Reported concentration and uncertainty 

Laboratories were requested to provide for each level at least three concentration values and the corresponding average 
concentration and uncertainty. Average values and associated uncertainties were used as input values for the statistical 
evaluation of the exercise. 

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, Cref, for which the residual, Rc, is calculated according to the following expression: 

𝑅𝑐 = 𝐶 − (𝑎 + 𝑏 ⋅ 𝐶𝑟𝑒𝑓) 

Eq. 2 

where a and b are the correlation coefficients of the linear regression (𝐶 vs Cref). As a criterion of linearity, residuals higher than 
10 % were highlighted in red, while values lower than 5 % were 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.- h and k statistic results of the inter-
laboratory comparison). 

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 value, Ci, and the standard deviation of the average inter-laboratory values, 𝑆𝑐𝑖̄
.  

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

𝑘𝑖 =
𝑠𝑖

√
∑ 𝑠𝑖

2

𝑝

 

Eq. 3 

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

As a result, the uncertainty of the inter-laboratory average value, 𝐶, is determined by the combination of the inter-laboratory 
variance, sL

2, and the intra-laboratory variance (repeatability variance), sr
2. The addition of both variances represents the 

reproducibility variance, sR
2, in this case being the variance associated with the uncertainty of the method [ISO 5725 Part 1, Part 

2, 1994]:  

𝑢 = √𝑠𝐿
2 + 𝑠𝑟

2 = 𝑠𝑅  

Eq. 4 

being 

𝑠𝑟
2 =

1

𝑝
∑ 𝑠𝑖

2

𝑝

𝑖

 

𝑠𝑅
2 =

1

𝑝 − 1
∑(𝐶𝑖 − 𝐶)

𝑝

𝑖

2

+ (1 −
1

𝑛
) ⋅ 𝑠𝑟

2 

Eq. 5, Eq. 6 
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where p is the number of laboratories; n is the number of replicated analyses done by each laboratory; ‘si’ and ‘𝐶𝑖’ are the 
standard deviation and average value corresponding to the laboratory ‘i’. 

The null hypothesis for equivalence between the inter-laboratory averages can be used as a criterion for the robustness of the 
method tested. Such an hypothesis assumes a F-distribution with p-1 and p(n-1) degrees of freedom for the statistic F defined by 

the ratio: 
𝑠𝐿

2

𝑠𝑟
2⁄  This unilateral test for the F-distribution statistic depends on the degrees of freedom (experimental design: 

number of participating laboratories and replicated samples) and the accepted significance level. As a conservative approach, 
the ratio between reproducibility and repeatability standard deviations, i.e. gamma value, 𝛾 =  𝑠𝑅/𝑠𝑟 , can be adopted as 
indicator of robustness of the method, being robust ratios those lower than 2 [P. Pérez Ballesta et al., 2001]. 

 

2.3.4 Repeatability score 

Following the AQUILA N37 recommendations, the standard deviation for the proficiency assessment, σN37, is calculated as a 
function of the concentration level in µg/m3, C, by the following equation: 

𝜎̂𝑁37 = 0.128 + 0.057 ⋅ 𝐶 

Eq. 7 

To evaluate the performance criterion as established by EN 14662-3 for benzene automatic analysers, a repeatability scores has 
been derived from the k-statistic. Therefore, from a minimum value of repeatability standard deviation of 5 %, at concentrations 
over the limit value (i.e. 0.25 µg/m3), until 0.2 µg/m3 for values lower than 0.1 x LV by considering a linear decrease of the 
absolute value of the standard deviation in between was considered (see Figure 2). Therefore, the pooled-within-laboratory 
standard deviation is replaced by the corresponding maximum accepted repeatability value or, alternatively by the associated 
uncertainty of the reference value, when this value is limiting the repeatability test. Repeatability scores values follows the k 

statistic indicators, as a thumb approach, values lower than √2 are considered as acceptable, while values between √2 and √3 

are questionable and higher than √3, i.e. outside the 99 % confidence level interval, are considered as poor performers. 

 
 

Figure 2. Repeatability standard deviation: Performance criteria (EN 14662-3) 
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2.3.5 Z-scores and minimum standard deviation of the proficiency assessment 

In agreement with ISO 13528, the ratio between the between-laboratory standard deviation of the inter-laboratory comparison, 
sL, and that derived from the prescribed standard deviation for the proficiency assessment, sLN37, should be lower than 2 to 
represent a realistic choice. Therefore, as the inter-laboratory standard deviation from the prescribed conditions of proficiency 
assessment is calculated according to the following expression: 

𝑠𝐿𝑁37
= √𝜎̂𝑁37

2 −
𝑠𝑟

2

𝑛
 

Eq. 8 

the minimum standard deviation of proficiency assessment coherent with method reproducibility, 𝜎̑𝑚, can be calculated by the 
following equation (ISO 13528): 

𝜎̑𝑚 = √(0.5 ⋅ 𝑠𝐿)2 +
𝑠𝑟

2

𝑛
 

Eq. 9 

Therefore, when 𝜎̂𝑁37 is higher than 𝜎̂𝑀 the AQUILA N37 proposed value for the standard deviation for proficiency assessment is 
coherent with the reproducibility of the measurements. Otherwise, the corresponding expected reproducibility standard 
deviations cannot be achieved in practice. 

Furthermore, for single laboratories, in the framework of the AQUILA N37 requirements, it is possible to identify outliers by 
means of a Z-scores statistic derived from the minimum standard deviation of the proficiency assessment, 𝜎̑𝑚. This statistic 
would provide a criterion for identification of outliers independent of the comparison exercise performance: 

𝑍 =
𝐶𝑙𝑎𝑏 − 𝐶𝑟𝑒𝑓

𝜎̂𝑚

 

Eq. 10 

As indicators for this statistic, the h values for the 95 % and 99 % confidence level interval can be adopted. 

It is noted that the Z-scores and the repeatability scores previously described provide a statistic for comparison independent of 
the results of the comparison exercise, as these scores are delimited by the standard deviation of the proficiency assessment 
defined in AQUILA N37. 

 

2.3.6 En scores 

As laboratories were requested to report uncertainty values for each concentration level, the evaluation of the laboratory 
performance was based on the En scores as recommended by ISO 13528 (2005). This number is calculated according to the 
following equation: 

𝐸𝑛 =
𝐶𝑙𝑎𝑏 − 𝐶𝑟𝑒𝑓

√𝑈𝑙𝑎𝑏
2 + 𝑈𝑟𝑒𝑓

2

 

Eq. 11 

where Ulab and Uref are the expanded uncertainties for the laboratory and reference value, respectively. En scores evaluate the 
compatibility between bias and expanded uncertainty for each result. The critical value for En scores is 1. En scores higher than 1 
identify results that are incompatible with the reference value after allowing for the stated uncertainties. The overall evaluation 
of the laboratory results should consider both bias and En scores because a low En scores could be due to a large stated 
uncertainty. 
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3 RESULTS AND DISCUSSION 

 

3.1 Data reporting 

Laboratories were requested to report for each concentration level and compound, three concentration values and the 
corresponding average value and associated uncertainty representing the whole concentration step. Laboratories were also 
requested to describe the instrument used in the exercise, the analytical method, the use of certified reference material for 
calibration and the calculation of the reported uncertainties. 

Although this was not a common trend, some laboratories limited the number of reported compounds: REE and SHMU reported 
only benzene, while AAA reported only benzene and toluene. 

3.2 Linearity test 

Table 5 to Table 7 show the results of the linearity test for the correlation between reported and reference values. Residuals 
were calculated by Eq.3. In these tables, the percentage of residuals was indicated for those values higher than 5 %. Values were 
highlighted in red when these were higher than 10 %. Linearity problems were frequently identified at the lowest concentration 
levels, eventually with higher incidence on the heaviest compounds (i.e. m,p-xylene) and those instruments using Tenax GR. No 
clear conclusion could however be drawn for the use of FID or PID detector (see Figure 3). 

 

Figure 3.- number of non-linear cases per adsorbent or detector 

 

Ratio: Residuals > 5 % / number of instruments with the evaluated factor 

Outliers laboratories are excluded from the analysis 
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Table 5. Linearity tests for benzene and toluene 

benzene EKONERG ISPRA EPA GIOS REE VMM LIKZ SHMU DLI IPH_S AAA DCMR DCMR2 APPA BZ ERLAP 

1st -A 10 6 29 -8 21 OK 8 -7 7 -14 8 72 -6 14 -27 

2nd -A OK OK OK OK -11 7 OK OK 6 -10 -6 OK 8 OK OK 

3rd -A OK OK -8 OK OK OK OK OK OK OK OK -12 OK -5 6 

4th -A OK OK OK OK OK OK OK OK OK OK OK 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 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 OK 

3rd -B OK OK OK OK OK OK OK OK OK 7 OK -11 OK OK OK 

2nd -B OK 7 OK OK OK OK OK OK OK OK OK -6 OK OK OK 

1st -B 8 26 19 -8 21 -6 OK 13 OK OK OK 59 -8 17 -15 

toluene EKONERG ISPRA EPA GIOS REE VMM LIKZ SHMU DLI IPH_S AAA DCMR DCMR2 APPA BZ ERLAP 

1st -A OK 50 48 -18  OK -5  5 -24 OK -21 -22 OK -13 

2nd -A OK OK OK 5  OK OK  5 -10 -7 8 9 OK OK 

3rd -A OK -5 -6 OK  OK OK  OK OK OK OK OK OK 8 

4th -A OK OK OK OK  OK OK  OK OK OK OK OK OK OK 

5th -A OK OK OK OK  OK OK  OK OK OK OK -5 OK OK 

6th  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 

4th -B OK OK OK OK  OK OK  OK OK OK OK OK OK OK 

3rd -B OK OK OK OK  OK OK  OK OK OK OK OK OK OK 

2nd -B OK OK OK OK  OK OK  OK 7 OK OK OK OK -5 

1st -B OK 50 48 -18  OK -5  5 -24 OK -21 -22 OK -13 

(*)  Residual values in percentage 
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Table 6. Linearity test for ethyl-benzene and m,p-xylene 

ethyl-benzene EKONERG ISPRA EPA GIOS REE VMM LIKZ SHMU DLI IPH_S AAA DCMR DCMR2 APPA BZ ERLAP 

1st -A -32 50 30 -44  8 -8  -13 OK  101 -20 -8 -36 

2nd -A 5 -19 OK 6  OK OK  OK -21  17 12 OK OK 

3rd -A OK OK OK OK  -6 OK  OK -7  -10 OK OK OK 

4th -A OK OK OK OK  OK OK  OK OK  -7 OK OK OK 

5th -A OK OK OK OK  OK OK  OK OK  OK -5 OK OK 

6th  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 

4th -B OK OK OK OK  OK OK  OK OK  -8 OK OK OK 

3rd -B OK OK OK OK  -7 OK  OK OK  -12 OK OK OK 

2nd -B OK OK OK OK  OK OK  -6 OK  OK OK OK OK 

1st -B -29 19 17 -25   8 -9   -19 34   74 -17 OK -26 

m,p-xylene EKONERG ISPRA EPA GIOS REE VMM LIKZ SHMU DLI IPH_S AAA DCMR DCMR2 APPA BZ ERLAP 

1st -A -47 22 21 -19  31 -7  OK 10  63 -18 -10 -38 

2nd -A OK OK OK OK  OK -8  OK -13  OK 8 -8 16 

3rd -A 6 -5 OK OK  -10 OK  5 OK  -10 5 OK 9 

4th -A OK -8 OK OK  OK OK  OK OK  OK OK OK OK 

5th -A OK OK OK OK  OK OK  OK OK  OK -6 OK OK 

6th  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 

4th -B OK OK OK OK  OK OK  OK OK  OK OK OK OK 

3rd -B 6 OK OK OK  -9 OK  5 OK  -9 OK OK OK 

2nd -B 6 6 OK 5  OK OK  -7 OK  -12 OK 7 -5 

1st -B -41 71 -7 -21   23 OK   -19 22   38 -21 OK -38 

(*)  Residual values in percentage   
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Table 7. Linearity test for o-xylene 

o-xylene EKONERG ISPRA EPA GIOS REE VMM LIKZ SHMU DLI IPH_S AAA DCMR DCMR2 APPA BZ ERLAP 

1st -A -19 27 -18 -28  -10 -17  -20 -22  80 -23 23 -22 

2nd -A OK -12 10 OK  OK -6  7 -30  6 10 OK 8 

3rd -A OK OK OK OK  OK OK  OK OK  -8 OK OK OK 

4th -A OK OK OK OK  OK OK  OK OK  OK OK OK OK 

5th -A 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 

5th -B OK OK OK OK  OK OK  OK OK  OK OK OK OK 

4th -B OK OK OK OK  OK OK  OK 6  OK OK OK OK 

3rd -B OK OK 5 OK  OK OK  OK 10  -9 OK OK OK 

2nd -B OK 17 OK OK  OK OK  OK -11  -11 OK OK OK 

1st -B -9 OK -17 -12   OK -10   -20 21   49 -18 33 -13 

(*)  Residual values in percentage 
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3.3 Blank levels 

Figure 4 shows 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 4.3 % to 16.5 % of the reference concentrations at the 1st 
level of concentration, being approximately the same percentage of their corresponding uncertainties. 

Figure 4. Reported blank levels 

 

▪ ZERO-A, ▪▪ Z ZERO-B    |-----|  uncertainty (1 σ) 
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3.4 Outliers, repeatability, reproducibility and robustness of the method 

As indicated in the previous section, repeatability and reproducibility standard deviation were calculated on the converged 
results of elimination of outliers based on the k and h statistics (see Annex 7.- h and k statistic results of the inter-laboratory 
comparison). The values of repeatability, reproducibility standard deviation are represented in Figure 5, while Figure 6 shows 
the corresponding robustness derived for each concentration level and compound. It is noted that the repeatability values are 
representing the average of the uncertainties reported by the participating laboratories at each level, while the reproducibility is 
associated with the uncertainty of the method for this exercise shows how the values of repeatability and reproducibility 
increase with the decrease in the concentration. In less extension, such an increase is also observed for the gamma values 
(Figure 6). 

 

Figure 5. Repeatability and reproducibility of the inter-laboratory exercise 

 

--•-- Repeatability,  --•-- Reproducibility,  |------| 2 stdev  
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Figure 6. Robustness of the inter-laboratory exercise 

 

Compared to the previous inter-laboratory exercise (EUR 28692 EN), a slight increase in the reproducibility and repeatability 
values is noted. This is probably due to the decrease by half of the concentration level tested during the exercise. Nevertheless, 
such variations did not affect the robustness of the method (gamma value), which did not differ significantly from the previous 
inter-laboratory comparison (see Table 8). 

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

 Repeatability, % Reproducibility, % Robustness () 

Benzene 5.62 13.51 2.15 

Toluene 6.23 11.96 1.91 

Ethyl-benzene 8.91 21.62 2.48 

m,p-Xylene 9.38 21.04 2.13 

o-Xylene 8.94 18.80 2.15 

Outliers excluded in the analysis. 
Repeatability, reproducibility and robustness values of previous inter-laboratory exercises are provided in Annex 4.  
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3.5 Standard deviation of the proficiency assessment N37 

The minimum relative standard deviation compatible with the reproducibility of the exercise, σm, and the relative standard 
deviation for proficiency assessment σN37 are represented in Figure 7. Repeatability and reproducibility values for the method 
were those calculated after excluding outliers by the converging k and h statistics, as described in section 3.4. As shown in the 
Figure 7, the minimum relative standard deviations of the proficiency test fulfil the N37 criteria for all compounds and 
concentrations. 

Figure 7. Minimum standard deviation compatible with reproducibility of the tests and standard deviation for proficiency assessment N37 

 

____ Relative standard deviation from AQUILA N37 proposal, 
𝜎̂𝑁37

𝐶𝑟𝑒𝑓
. 100 

---•--- Minimum relative standard deviation compatible with the reproducibility of the exercise, 
𝜎̂𝑚

𝐶𝑟𝑒𝑓
. 100 
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3.6 Repeatability-score, Z-scores and En scores 

The individual evaluation of the laboratory test performance was carried out by means of the previously defined repeatability 
scores, Z-scores and En scores. Results of the corresponding statistics are shown in Figure 8, Figure 9 and Figure 10. 

 

Figure 8. Repeatability-scores (N37) for the inter-laboratory comparison exercise 

 

 

-------- 99 % confidence level interval: outlier identification     --------  95 %  confidence level interval: straggler identification 
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Figure 9.- Z-scores (σm) for the inter-laboratory comparison exercise 

 

-------- 99 % confidence level interval: outlier identification    --------- 95 % confidence level interval: straggler identification 

*Under N37 AQUILA proficiency test criteria with SL= 2 SLN37 (σm ≲  σN37) 
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Figure 10.- En scores for the inter-laboratory comparison exercise 

The results of the inter-laboratory comparison are given in Table 9 to Table 13, providing for each laboratory and concentration 
level, the reported concentrations and expanded uncertainties, biases, repeatability scores N37, Z-scores (σm) and En scores. En 
scores equal or higher than 1 are highlighted in red, repeatability scores and Z-scores over the limit at 95 % confidence level 
interval are highlighted in blu, while those at 99 % confidence level interval are highlighted in red. The results of the laboratory 
comparison are shown in terms of deviation (%) in the Annex 6: Scattering of Laboratory Results. Figure A 1. 

Repeatability scores and En scores can be considered as complementary tests in the evaluation of the results. As a relatively high 
reported uncertainty could compensate a high bias and, consequently, pass the En scores test, the repeatability scores test can, 
in such cases, identify this problem. In this regard, Z-scores (σm) is not affected by the reported uncertainty of the laboratory, 
because the σm is used to relativize the scores. Therefore, Z-scores (σm) could also be used to identify possible cases where high 
biases have been compensated by a high reported uncertainty value and, consequently, misidentified by the En scores statistic. 

Therefore, under this criterion the below tables provide a clear overview of the instrument performance of each participant. The 
interpretation and actions to be addressed because of the results are responsibility of each laboratory and are outside the scope 
of this report.  
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Table 9.- En score, bias and reported expanded uncertainty of the participants: benzene 

  

En scores ≥ 1 are highlighted in red. Z-scores and Repeatability scores ≥ of the 95 % confident level interval are highlighted in blue and those ≥ of the 99 % confident level interval in red  
  

Compound EKONERG ISPRA EPA

benzene Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores

1st-A 0.89 18.2 -5.2 OK -0.2 -0.26 0.19 0.94 57.8 0.5 OK 0.0 0.02 0.64 0.62 4.2 -34.0 Check -1.7 -1.71 0.03

2nd-A 2.66 9.7 -4.3 OK -0.4 -0.10 0.25 2.83 17.8 10.4 OK 0.5 0.31 0.54 2.24 4.6 -22.1 Check -2.7 -1.17 0.12

3rd-A 4.79 8.1 -6.1 OK -0.7 -0.49 0.30 5.18 12.6 1.5 OK 0.1 0.12 0.51 4.14 4.4 -18.8 Check -3.7 -1.52 0.14

4th-A 10.57 6.8 0.4 OK 0.1 0.04 0.42 10.98 8.7 4.3 OK 0.4 0.37 0.56 9.89 4.4 -6.1 Check -1.1 -0.52 0.25

5th-A 15.97 6.5 0.9 OK 0.1 0.08 0.51 16.79 7.9 6.1 OK 0.7 0.54 0.65 15.31 4.4 -3.2 OK -0.6 -0.28 0.33

6th-A 21.81 6.3 1.2 OK 0.2 0.11 0.59 23.53 7.5 9.2 Check 1.0 0.83 0.76 21.09 4.3 -2.1 OK -0.4 -0.19 0.39

5th-B 16.13 6.5 1.2 OK 0.2 0.11 0.51 17.10 7.8 7.3 OK 0.8 0.66 0.66 15.47 4.7 -2.9 OK -0.4 -0.26 0.36

4th-B 10.60 6.8 -0.1 OK 0.0 -0.01 0.42 11.30 8.6 6.5 OK 0.6 0.57 0.57 10.06 4.4 -5.2 OK -0.9 -0.46 0.26

3rd-B 4.97 8.0 -1.9 OK -0.2 -0.15 0.31 5.18 12.6 2.3 OK 0.2 0.19 0.51 4.24 4.4 -16.3 Check -2.4 -1.33 0.15

2nd-B 2.86 9.7 -4.3 OK -0.4 -0.33 0.25 3.30 17.8 10.4 OK 0.5 0.80 0.54 2.32 4.6 -22.1 Check -2.7 -1.71 0.10

1st-B 0.98 17.0 -5.3 OK -0.2 -0.30 0.19 1.26 43.5 21.6 OK 0.4 1.23 0.63 0.64 9.4 -38.1 Check -1.9 -2.16 0.07

Compound GIOS REE VMM

benzene Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores

1st-A 1.00 20.1 6.2 OK 0.2 0.31 0.23 0.61 13.2 -35.2 Check -1.7 -1.77 0.09 1.05 14.5 12.1 OK 0.5 0.61 0.18

2nd-A 2.83 13.6 1.8 OK 0.1 0.32 0.36 1.19 13.1 -40.8 Check -3.8 -3.83 0.15 3.23 14.5 11.1 OK 0.6 1.34 0.44

3rd-A 5.03 13.6 -1.4 OK -0.1 -0.11 0.53 2.82 13.1 -44.7 Check -5.5 -3.62 0.29 5.59 14.6 9.7 OK 0.6 0.79 0.63

4th-A 10.47 13.6 -0.6 OK 0.0 -0.05 0.83 6.00 13.1 -43.0 Check -5.2 -3.72 0.46 11.75 14.6 11.6 OK 0.7 1.01 1.00

5th-A 15.41 13.6 -2.6 OK -0.2 -0.23 1.03 9.14 13.1 -42.2 Check -5.0 -3.72 0.59 17.56 14.6 11.0 OK 0.7 0.97 1.26

6th-A 21.05 13.6 -2.3 OK -0.2 -0.21 1.23 13.18 13.1 -38.8 Check -4.3 -3.52 0.74 23.91 14.6 11.0 OK 0.7 0.99 1.50

5th-B 15.43 13.6 -3.1 OK -0.2 -0.28 1.03 10.09 26.2 -36.7 Check -2.1 -3.31 1.30 17.60 14.6 10.5 OK 0.6 0.95 1.26

4th-B 10.53 13.6 -0.8 OK -0.1 -0.07 0.84 6.51 13.1 -38.7 Check -4.3 -3.41 0.50 11.82 14.6 11.4 OK 0.7 1.01 1.01

3rd-B 5.21 13.6 2.9 OK 0.2 0.23 0.55 2.93 13.1 -42.0 Check -4.4 -3.44 0.30 5.61 14.6 10.9 OK 0.6 0.89 0.63

2nd-B 3.04 13.6 1.8 OK 0.1 0.14 0.38 1.77 13.1 -40.8 Check -3.8 -3.15 0.21 3.31 14.5 11.1 OK 0.6 0.85 0.44

1st-B 1.07 18.7 3.9 OK 0.1 0.22 0.23 0.69 13.0 -33.1 Check -1.6 -1.88 0.10 1.13 14.6 9.2 OK 0.4 0.52 0.19

Compound LIKZ SHMU DLI

benzene Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores

1st-A 1.11 11.0 18.0 OK 0.8 0.90 0.14 0.14 308.8 -85.5 Check -1.7 -4.29 0.49 1.22 18.5 30.4 OK 1.0 1.52 0.27

2nd-A 2.73 5.8 0.6 OK 0.1 0.07 0.15 0.65 45.5 -69.4 Check -4.4 -5.20 0.40 3.02 11.9 4.9 OK 0.3 0.81 0.34

3rd-A 5.04 4.9 -1.1 OK -0.2 -0.09 0.19 1.22 34.1 -76.1 Check -8.5 -6.15 0.32 5.02 10.8 -1.6 OK -0.1 -0.13 0.42

4th-A 10.65 4.5 1.2 OK 0.2 0.10 0.28 2.76 14.9 -73.8 Check -14.1 -6.39 0.24 10.33 10.2 -1.9 OK -0.2 -0.17 0.61

5th-A 15.78 4.5 -0.3 OK 0.0 -0.02 0.35 4.25 9.6 -73.1 Check -16.0 -6.45 0.20 15.34 10.1 -3.0 OK -0.3 -0.27 0.76

6th-A 21.36 4.4 -0.9 OK -0.1 -0.08 0.41 6.03 6.8 -72.0 Check -16.3 -6.52 0.18 21.24 10.1 -1.4 OK -0.1 -0.13 0.92

5th-B 15.89 4.5 -0.2 OK 0.0 -0.02 0.35 4.37 9.3 -72.6 Check -14.0 -6.54 0.20 15.40 10.1 -3.3 OK -0.3 -0.30 0.76

4th-B 10.75 4.5 1.3 OK 0.2 0.11 0.28 2.82 14.6 -73.5 Check -13.2 -6.49 0.24 10.41 10.1 -1.9 OK -0.2 -0.17 0.62

3rd-B 5.13 4.9 1.4 OK 0.2 0.11 0.20 1.42 29.2 -72.0 Check -7.2 -5.88 0.32 5.11 10.8 0.9 OK 0.1 0.07 0.43

2nd-B 3.00 5.8 0.6 OK 0.1 0.05 0.16 0.91 45.5 -69.4 Check -4.4 -5.35 0.38 3.13 11.9 4.9 OK 0.3 0.37 0.34

1st-B 1.11 11.0 7.3 OK 0.3 0.42 0.14 0.37 113.9 -64.4 Check -1.4 -3.66 0.48 1.28 17.9 24.2 OK 0.8 1.37 0.27

Compound IPH_S AAA DCMR

benzene Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores

1st-A 0.95 92.1 1.5 OK 0.0 0.08 1.03 1.06 7.5 13.3 OK 0.6 0.67 0.09 0.52 63.6 -44.3 Check -1.1 -2.22 0.39

2nd-A 2.57 33.7 4.1 OK 0.1 -0.35 0.95 2.46 4.0 -2.8 OK -0.3 -0.61 0.10 1.57 31.3 -46.7 Check -2.6 -2.87 0.47

3rd-A 5.30 23.1 4.0 OK 0.2 0.32 0.95 4.77 3.5 -6.4 Check -1.3 -0.52 0.13 3.14 23.4 -38.4 Check -2.6 -3.11 0.57

4th-A 10.55 15.6 0.2 OK 0.0 0.02 0.96 9.94 3.2 -5.6 Check -1.2 -0.49 0.19 8.65 18.3 -17.8 Check -1.2 -1.54 0.93

5th-A 16.10 13.0 1.8 OK 0.1 0.16 1.03 14.83 3.1 -6.3 Check -1.3 -0.55 0.23 13.97 17.2 -11.7 OK -0.7 -1.03 1.18

6th-A 21.28 11.8 -1.3 OK -0.1 -0.11 1.07 19.98 3.1 -7.3 Check -1.5 -0.66 0.27 19.67 16.7 -8.7 OK -0.6 -0.79 1.41

5th-B 16.38 12.9 2.8 OK 0.2 0.25 1.04 14.75 3.1 -7.4 Check -1.4 -0.67 0.23 14.03 17.2 -11.9 OK -0.8 -1.08 1.18

4th-B 10.73 15.5 1.1 OK 0.1 0.09 0.97 9.90 3.2 -6.7 Check -1.3 -0.59 0.18 8.70 18.3 -18.0 Check -1.2 -1.59 0.93

3rd-B 5.55 22.4 9.7 OK 0.4 0.79 0.96 4.79 3.5 -5.3 OK -0.8 -0.43 0.13 3.19 23.3 -36.9 Check -2.3 -3.02 0.58

2nd-B 3.11 33.7 4.1 OK 0.1 0.32 0.96 2.90 4.0 -2.8 OK -0.3 -0.22 0.11 1.59 31.3 -46.7 Check -2.6 -3.60 0.46

1st-B 1.19 75.4 14.8 OK 0.2 0.84 1.03 1.09 7.3 6.0 OK 0.3 0.34 0.09 0.54 62.0 -47.5 Check -1.3 -2.70 0.39

Compound DCMR2 APPA BZ ERLAP

benzene Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores

1st-A 1.26 32.1 34.2 OK 0.7 1.72 0.47 0.99 12.1 5.7 OK 0.2 0.29 0.14 0.43 31.1 -53.9 Check -2.2 -2.71 0.16

2nd-A 3.28 26.2 11.1 OK 0.4 1.47 0.81 2.61 9.4 3.2 OK 0.3 -0.24 0.23 2.56 6.2 -8.3 OK -0.9 -0.37 0.14

3rd-A 5.31 24.8 4.1 OK 0.2 0.33 1.02 4.96 9.2 -2.7 OK -0.3 -0.22 0.35 5.22 3.8 2.3 OK 0.4 0.19 0.15

4th-A 10.97 23.7 4.2 OK 0.2 0.37 1.52 10.67 9.1 1.3 OK 0.1 0.12 0.57 10.79 2.2 2.5 OK 0.6 0.22 0.14

5th-A 16.25 23.3 2.7 OK 0.1 0.24 1.87 16.62 9.1 5.1 OK 0.5 0.45 0.74 15.62 2.2 -1.3 OK -0.3 -0.11 0.17

6th-A 21.81 23.1 1.2 OK 0.1 0.11 2.16 22.33 9.1 3.6 OK 0.4 0.33 0.87 21.66 1.8 0.5 OK 0.1 0.05 0.16

5th-B 16.27 23.3 2.1 OK 0.1 0.19 1.86 16.96 9.1 6.5 OK 0.6 0.58 0.76 15.46 4.1 -3.0 OK -0.5 -0.27 0.31

4th-B 11.08 23.6 4.4 OK 0.2 0.39 1.53 11.01 9.1 3.8 OK 0.4 0.33 0.58 10.37 4.1 -2.3 OK -0.4 -0.20 0.25

3rd-B 5.43 24.8 7.3 OK 0.3 0.59 1.04 5.11 9.2 1.0 OK 0.1 0.08 0.36 4.90 4.6 -3.2 OK -0.4 -0.26 0.18

2nd-B 3.32 26.2 11.1 OK 0.4 0.86 0.79 3.08 9.4 3.2 OK 0.3 0.25 0.27 2.74 6.2 -8.3 OK -0.9 -0.64 0.16

1st-B 1.32 31.6 28.1 OK 0.6 1.59 0.48 1.13 11.3 9.5 OK 0.4 0.54 0.15 0.62 21.2 -39.7 Check -1.7 -2.25 0.15
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Table 10.- En scores, bias and reported expanded uncertainty of the participants: toluene 

 
En scores ≥ 1 are highlighted in red. Z-scores and Repeatability scores ≥ of the 95 % confident level interval are highlighted in blue and those ≥ of the 99 % confident level interval in red  
 
 
 
 

Compound EKONERG ISPRA EPA

toluene Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores

1st-A 1.98 11.3 -16.7 OK -1.0 -1.49 0.22 1.57 8.8 -33.9 Check -2.2 -3.03 0.13 1.77 5.7 -25.5 Check -1.7 -2.27 0.10

2nd-A 8.70 6.9 -11.9 Check -1.3 -1.75 0.37 9.28 7.3 0.0 OK 0.0 -0.83 0.41 9.09 5.4 -6.0 OK -0.7 -1.14 0.50

3rd-A 16.45 6.5 -10.9 Check -1.3 -2.07 0.49 19.44 7.3 5.4 OK 0.6 1.02 0.65 17.86 5.5 -3.2 OK -0.4 -0.61 0.46

4th-A 35.07 6.1 -11.4 Check -1.3 -2.01 0.69 46.09 7.3 16.4 Check 1.5 2.89 1.08 41.83 5.5 5.7 OK 0.6 1.00 0.75

5th-A 53.06 6.0 -10.5 Check -1.0 -1.64 0.85 70.97 7.3 19.7 Check 1.6 3.07 1.38 65.38 5.5 10.3 OK 1.0 1.60 0.96

6th-A 72.29 6.0 -10.8 Check -1.1 -1.65 0.99 99.89 7.3 23.3 Check 1.9 3.56 1.67 91.87 5.4 13.4 Check 1.3 2.05 1.15

5th-B 53.36 6.0 -11.4 Check -1.3 -1.91 0.85 71.67 7.3 19.0 Check 1.7 3.18 1.38 67.04 5.7 11.3 Check 1.2 1.89 1.00

4th-B 35.72 6.1 -10.8 Check -1.1 -1.79 0.70 47.14 7.3 17.7 Check 1.5 2.93 1.10 43.92 5.4 9.7 OK 1.0 1.61 0.77

3rd-B 16.84 6.5 -11.8 Check -1.4 -2.19 0.49 20.67 7.3 8.3 OK 0.8 1.54 0.68 19.53 5.5 2.3 OK 0.3 0.43 0.49

2nd-B 9.88 6.9 -11.9 Check -1.3 -2.05 0.39 11.21 7.3 0.0 OK 0.0 0.00 0.47 10.53 5.4 -6.0 OK -0.7 -1.04 0.33

1st-B 2.42 10.3 -17.8 Check -1.2 -1.60 0.23 2.27 8.0 -23.0 Check -1.7 -2.06 0.17 2.33 23.1 -20.9 OK -0.9 -1.88 0.49

Compound GIOS REE VMM

toluene Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores

1st-A 2.98 16.2 25.4 Check 1.0 2.27 0.47 2.92 14.6 23.0 Check 1.0 2.05 0.42

2nd-A 11.76 16.2 15.3 OK 0.8 3.09 1.15 11.63 14.6 15.2 OK 0.8 2.87 1.03

3rd-A 20.46 16.2 10.9 OK 0.6 2.07 1.53 21.32 14.6 15.5 OK 0.9 2.95 1.43

4th-A 42.64 16.2 7.7 OK 0.4 1.36 2.24 45.90 14.6 15.9 OK 0.9 2.81 2.17

5th-A 63.66 16.2 7.4 OK 0.4 1.15 2.75 68.99 14.6 16.4 OK 0.9 2.55 2.68

6th-A 86.09 16.2 6.3 OK 0.3 0.96 3.20 92.91 14.6 14.7 OK 0.8 2.25 3.12

5th-B 64.08 16.2 6.4 OK 0.3 1.07 2.75 69.07 14.6 14.7 OK 0.8 2.46 2.68

4th-B 43.28 16.2 8.1 OK 0.4 1.34 2.26 46.20 14.6 15.4 OK 0.8 2.54 2.18

3rd-B 21.11 16.2 10.6 OK 0.6 1.97 1.55 21.83 14.6 14.4 OK 0.8 2.67 1.45

2nd-B 12.92 16.2 15.3 OK 0.8 2.65 1.19 12.91 14.6 15.2 OK 0.8 2.63 1.08

1st-B 3.47 16.2 17.8 OK 0.8 1.60 0.52 3.50 14.6 18.8 OK 0.9 1.69 0.47

Compound LIKZ SHMU DLI

toluene Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores

1st-A 2.54 7.6 7.3 OK 0.4 0.65 0.19 2.78 28.7 17.1 OK 0.5 1.53 0.78

2nd-A 9.89 7.6 2.9 OK 0.3 0.13 0.45 10.46 13.0 1.3 OK 0.1 1.04 0.85

3rd-A 18.90 7.6 2.4 OK 0.2 0.45 0.66 18.29 11.6 -0.9 OK -0.1 -0.17 0.98

4th-A 39.60 7.6 0.0 OK 0.0 0.00 0.97 38.97 10.7 -1.6 OK -0.1 -0.27 1.35

5th-A 59.49 7.6 0.3 OK 0.0 0.05 1.20 58.88 10.5 -0.7 OK -0.1 -0.11 1.65

6th-A 80.73 7.6 -0.4 OK 0.0 -0.05 1.40 80.41 10.4 -0.8 OK -0.1 -0.12 1.92

5th-B 59.74 7.6 -0.8 OK -0.1 -0.14 1.20 59.27 10.5 -1.6 OK -0.1 -0.27 1.65

4th-B 40.19 7.6 0.4 OK 0.0 0.06 0.98 39.54 10.7 -1.2 OK -0.1 -0.20 1.37

3rd-B 19.45 7.6 1.9 OK 0.2 0.35 0.67 18.97 11.6 -0.6 OK 0.0 -0.11 1.00

2nd-B 11.53 7.6 2.9 OK 0.3 0.50 0.50 11.35 13.0 1.3 OK 0.1 0.22 0.84

1st-B 3.05 7.6 3.6 OK 0.2 0.32 0.21 3.16 25.7 7.3 OK 0.2 0.65 0.75

Compound IPH_S AAA DCMR

toluene Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores

1st-A 2.33 53.0 -2.0 OK 0.0 -0.18 1.20 2.58 6.8 8.7 OK 0.5 0.77 0.17 2.22 26.8 -6.4 OK -0.2 -0.57 0.58

2nd-A 9.14 18.3 8.6 OK 0.4 -1.05 1.11 8.85 4.4 -3.3 OK -0.4 -1.51 0.24 9.99 17.9 -9.9 OK -0.6 0.30 1.08

3rd-A 17.74 15.6 -3.9 OK -0.2 -0.73 1.27 17.91 4.2 -3.0 OK -0.4 -0.56 0.35 16.86 16.9 -8.7 OK -0.5 -1.65 1.31

4th-A 37.97 12.6 -4.1 OK -0.3 -0.72 1.55 37.73 4.2 -4.7 OK -0.6 -0.83 0.51 35.52 16.1 -10.3 OK -0.6 -1.81 1.85

5th-A 57.47 11.7 -3.1 OK -0.2 -0.48 1.79 56.12 4.2 -5.3 OK -0.6 -0.83 0.63 52.61 15.9 -11.3 OK -0.7 -1.75 2.23

6th-A 78.89 11.3 -2.6 OK -0.2 -0.40 2.04 75.80 4.2 -6.4 OK -0.7 -0.99 0.73 70.39 15.7 -13.1 OK -0.8 -2.01 2.54

5th-B 59.22 11.7 -1.7 OK -0.1 -0.28 1.84 56.24 4.2 -6.6 OK -0.8 -1.11 0.62 52.71 15.9 -12.5 OK -0.8 -2.09 2.22

4th-B 39.79 12.5 -0.6 OK 0.0 -0.10 1.61 37.81 4.2 -5.6 OK -0.6 -0.92 0.51 35.74 16.1 -10.7 OK -0.7 -1.78 1.85

3rd-B 19.92 15.1 4.4 OK 0.3 0.82 1.36 18.17 4.2 -4.8 OK -0.6 -0.89 0.35 17.36 16.8 -9.0 OK -0.5 -1.68 1.33

2nd-B 12.17 18.3 8.6 OK 0.4 1.49 1.27 10.84 4.4 -3.3 OK -0.4 -0.57 0.27 10.10 17.9 -9.9 OK -0.6 -1.71 1.03

1st-B 4.24 34.3 43.9 OK 0.9 3.94 1.34 3.12 6.1 5.8 OK 0.4 0.52 0.17 2.53 25.4 -14.1 OK -0.6 -1.27 0.59

Compound DCMR2 APPA BZ ERLAP

toluene Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores

1st-A 2.67 27.1 12.5 OK 0.4 1.11 0.70 2.35 9.6 -0.9 OK -0.1 -0.08 0.22 2.08 6.2 -12.2 OK -0.8 -1.09 0.12

2nd-A 10.35 23.7 -6.4 OK -0.3 0.87 1.48 9.13 9.1 0.8 OK 0.1 -1.07 0.50 10.01 8.0 -4.8 OK -0.5 0.32 0.35

3rd-A 17.32 23.3 -6.1 OK -0.3 -1.16 1.85 18.02 9.1 -2.4 OK -0.2 -0.45 0.75 19.91 2.2 7.9 Check 1.3 1.50 0.20

4th-A 36.37 22.9 -8.1 OK -0.4 -1.43 2.70 37.22 9.1 -6.0 OK -0.5 -1.05 1.09 40.68 2.2 2.8 OK 0.4 0.49 0.29

5th-A 48.09 22.8 -18.9 OK -0.9 -2.94 2.93 56.79 9.1 -4.2 OK -0.3 -0.66 1.37 59.71 2.3 0.7 OK 0.1 0.11 0.37

6th-A 69.26 22.7 -14.5 OK -0.7 -2.22 3.61 78.09 9.1 -3.6 OK -0.3 -0.55 1.62 81.09 2.7 0.1 OK 0.0 0.01 0.50

5th-B 55.05 22.8 -8.6 OK -0.4 -1.44 3.32 57.83 9.1 -4.0 OK -0.3 -0.67 1.39 59.54 3.9 -1.2 OK -0.1 -0.19 0.61

4th-B 34.15 22.9 -14.7 OK -0.7 -2.43 2.52 38.24 9.1 -4.5 OK -0.4 -0.74 1.12 39.10 3.3 -2.3 OK -0.3 -0.39 0.41

3rd-B 16.98 23.3 -11.0 OK -0.5 -2.05 1.79 18.68 9.1 -2.1 OK -0.2 -0.39 0.77 18.73 6.2 -1.9 OK -0.2 -0.35 0.53

2nd-B 10.49 23.7 -6.4 OK -0.3 -1.10 1.42 11.30 9.1 0.8 OK 0.1 0.15 0.59 10.67 8.0 -4.8 OK -0.5 -0.83 0.49

1st-B 2.96 26.6 0.6 OK 0.0 0.05 0.72 2.95 9.4 0.2 OK 0.0 0.01 0.26 2.80 9.2 -5.1 OK -0.3 -0.46 0.24
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Table 11.- En scores, bias and reported expanded uncertainty of the participants: ethyl-benzene 

 
En scores ≥ 1 are highlighted in red. Z-scores and Repeatability scores ≥ of the 95 % confident level interval are highlighted in blue and those ≥ of the 99 % confident level interval in red  
 
 
 
 

Compound EKONERG ISPRA EPA

ethyl-benzene Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores

1st-A 0.32 40.0 -32.2 OK -0.8 -1.11 0.16 0.57 18.5 21.4 OK 0.5 0.74 0.13 0.31 5.2 -34.5 Check -1.0 -1.19 0.02

2nd-A 1.53 11.1 -6.1 OK -0.3 -0.20 0.21 1.34 8.4 10.9 OK 0.6 -1.03 0.15 1.21 5.4 -28.7 Check -1.7 -1.58 0.11

3rd-A 2.90 9.6 -7.2 OK -0.4 -0.66 0.25 3.48 7.6 11.3 OK 0.7 1.04 0.24 2.46 5.7 -21.2 Check -1.4 -1.96 0.13

4th-A 6.35 7.5 -10.1 OK -0.7 -1.20 0.33 8.12 7.1 14.8 Check 1.0 1.77 0.40 5.99 5.7 -15.2 Check -1.2 -1.82 0.23

5th-A 9.58 7.0 -10.7 OK -0.8 -1.39 0.39 12.37 7.1 15.2 Check 1.1 1.96 0.51 9.05 5.6 -15.7 Check -1.3 -2.02 0.29

6th-A 13.05 6.6 -12.4 Check -1.1 -1.77 0.44 17.58 7.1 18.1 Check 1.4 2.58 0.63 13.30 5.5 -10.7 OK -1.0 -1.52 0.37

5th-B 9.66 6.9 -11.8 Check -1.0 -1.65 0.39 12.37 7.1 12.9 Check 1.0 1.80 0.50 9.27 6.0 -15.4 Check -1.4 -2.15 0.32

4th-B 6.44 7.5 -10.9 OK -0.8 -1.32 0.33 8.12 7.1 12.3 OK 0.9 1.50 0.39 6.21 5.6 -14.0 Check -1.1 -1.71 0.24

3rd-B 3.05 9.4 -8.3 OK -0.5 -0.79 0.25 3.67 7.5 10.5 OK 0.7 1.00 0.24 2.62 5.8 -21.0 Check -1.5 -2.01 0.13

2nd-B 1.80 11.1 -6.1 OK -0.3 -0.48 0.21 2.13 8.4 10.9 OK 0.6 0.86 0.18 1.37 5.4 -28.7 Check -1.7 -2.25 0.08

1st-B 0.40 333.3 -31.3 OK -0.1 -1.04 1.67 0.58 18.3 -0.9 OK 0.0 -0.03 0.13 0.37 20.1 -37.1 Check -1.3 -1.23 0.09

Compound GIOS REE VMM

ethyl-benzene Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores

1st-A 0.70 28.7 47.9 OK 0.9 1.65 0.25 0.63 14.6 33.1 OK 0.9 1.14 0.12

2nd-A 2.26 16.2 34.1 Check 1.2 2.92 0.39 1.91 14.6 15.1 OK 0.6 1.41 0.30

3rd-A 4.02 16.2 28.8 Check 1.1 2.66 0.59 3.48 14.6 11.5 OK 0.5 1.06 0.46

4th-A 8.52 16.2 20.6 OK 0.9 2.45 0.95 8.47 14.6 19.8 OK 0.9 2.36 0.85

5th-A 12.74 16.2 18.7 OK 0.8 2.41 1.20 12.65 14.6 17.9 OK 0.9 2.30 1.08

6th-A 17.22 16.2 15.7 OK 0.7 2.24 1.41 17.10 14.6 14.8 OK 0.8 2.12 1.26

5th-B 12.81 16.2 16.9 OK 0.8 2.36 1.20 12.77 14.6 16.6 OK 0.8 2.31 1.08

4th-B 8.73 16.2 20.8 OK 0.9 2.53 0.96 8.63 14.6 19.4 OK 0.9 2.36 0.86

3rd-B 4.26 16.2 28.3 Check 1.2 2.70 0.61 3.67 14.6 10.3 OK 0.5 0.99 0.48

2nd-B 2.57 16.2 34.1 Check 1.2 2.67 0.43 2.21 14.6 15.1 OK 0.6 1.19 0.33

1st-B 0.89 22.4 52.2 Check 1.2 1.73 0.25 0.77 14.6 31.2 OK 1.0 1.03 0.14

Compound LIKZ SHMU DLI

ethyl-benzene Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores

1st-A 0.63 33.0 33.5 OK 0.6 1.16 0.26 0.75 33.7 59.6 OK 0.9 2.06 0.32

2nd-A 1.76 10.8 11.1 OK 0.5 0.77 0.24 1.92 15.9 10.7 OK 0.4 1.47 0.35

3rd-A 3.33 7.9 6.5 OK 0.4 0.60 0.24 3.45 12.9 10.5 OK 0.5 0.97 0.40

4th-A 7.26 5.7 2.8 OK 0.2 0.33 0.28 7.37 10.8 4.3 OK 0.3 0.51 0.55

5th-A 10.95 5.3 2.0 OK 0.2 0.26 0.33 10.95 10.3 2.0 OK 0.1 0.26 0.65

6th-A 14.92 5.1 0.2 OK 0.0 0.03 0.39 14.77 10.1 -0.8 OK -0.1 -0.12 0.75

5th-B 11.04 5.3 0.7 OK 0.1 0.10 0.33 11.03 10.3 0.6 OK 0.0 0.09 0.65

4th-B 7.39 5.6 2.3 OK 0.2 0.28 0.28 7.48 10.7 3.5 OK 0.2 0.43 0.55

3rd-B 3.50 7.7 5.2 OK 0.3 0.50 0.24 3.74 12.6 12.4 OK 0.7 1.19 0.42

2nd-B 2.13 10.8 11.1 OK 0.5 0.87 0.24 2.12 15.9 10.7 OK 0.4 0.84 0.35

1st-B 0.73 28.7 24.0 OK 0.5 0.80 0.26 0.82 31.2 39.2 OK 0.8 1.30 0.32

Compound IPH_S AAA DCMR

ethyl-benzene Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores

1st-A 0.18 565.6 -61.9 OK -0.3 -2.13 1.29 0.29 102.4 -38.3 OK -0.5 -1.32 0.38

2nd-A 0.85 78.1 -23.4 OK -0.4 -3.12 1.16 1.08 38.5 -43.0 Check -1.6 -2.15 0.45

3rd-A 2.38 52.1 -23.9 OK -0.6 -2.21 1.12 1.90 28.7 -39.1 Check -1.7 -3.61 0.49

4th-A 6.17 26.2 -12.7 OK -0.5 -1.51 1.11 5.27 20.2 -25.4 Check -1.3 -3.03 0.73

5th-A 9.73 20.3 -9.4 OK -0.4 -1.21 1.15 9.18 18.1 -14.5 OK -0.8 -1.86 0.97

6th-A 13.15 17.6 -11.7 OK -0.6 -1.67 1.17 13.38 17.3 -10.2 OK -0.6 -1.45 1.17

5th-B 10.16 19.8 -7.3 OK -0.3 -1.02 1.16 9.23 18.1 -15.8 OK -0.9 -2.20 0.96

4th-B 6.67 25.1 -7.7 OK -0.3 -0.93 1.14 5.33 20.1 -26.2 Check -1.4 -3.19 0.73

3rd-B 2.91 44.4 -12.5 OK -0.3 -1.19 1.14 1.97 28.2 -40.6 Check -1.9 -3.88 0.49

2nd-B 1.47 78.1 -23.4 OK -0.4 -1.83 1.18 1.09 38.5 -43.0 Check -1.6 -3.37 0.43

1st-B 4.24 225.9 -20.9 OK -0.1 -0.69 1.30 0.35 86.7 -39.7 OK -0.7 -1.31 0.38

Compound DCMR2 APPA BZ ERLAP

ethyl-benzene Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores

1st-A 0.56 44.0 18.5 OK 0.3 0.64 0.31 0.42 20.5 -11.0 OK -0.3 -0.38 0.11 0.30 43.5 -36.1 OK -0.8 -1.25 0.17

2nd-A 1.78 29.0 -3.3 OK -0.1 0.87 0.56 1.64 9.7 12.7 OK 0.6 0.27 0.18 1.62 9.6 1.3 OK 0.1 0.17 0.18

3rd-A 3.06 26.5 -2.1 OK -0.1 -0.20 0.73 3.47 9.3 11.1 OK 0.6 1.02 0.29 3.26 6.7 4.4 OK 0.3 0.40 0.20

4th-A 6.34 24.5 -10.4 OK -0.4 -1.23 1.06 7.66 9.1 8.4 OK 0.5 1.00 0.48 7.25 3.1 2.6 OK 0.2 0.31 0.16

5th-A 8.82 23.9 -17.8 OK -0.8 -2.30 1.23 12.04 9.1 12.2 OK 0.8 1.57 0.64 10.76 2.6 0.2 OK 0.0 0.03 0.17

6th-A 12.98 23.5 -12.8 OK -0.6 -1.83 1.54 16.47 9.1 10.6 OK 0.8 1.51 0.76 14.77 2.1 -0.8 OK -0.1 -0.11 0.16

5th-B 10.00 23.7 -8.8 OK -0.4 -1.22 1.37 12.28 9.1 12.1 OK 0.8 1.69 0.64 10.87 2.5 -0.8 OK -0.1 -0.11 0.15

4th-B 6.37 24.4 -11.9 OK -0.5 -1.45 1.06 7.89 9.1 9.2 OK 0.6 1.12 0.49 7.28 2.9 0.7 OK 0.1 0.08 0.15

3rd-B 3.03 26.6 -8.9 OK -0.3 -0.85 0.71 3.69 9.3 11.1 OK 0.7 1.06 0.31 3.36 5.6 1.1 OK 0.1 0.10 0.17

2nd-B 1.85 29.0 -3.3 OK -0.1 -0.26 0.55 2.16 9.7 12.7 OK 0.6 1.00 0.22 1.94 9.6 1.3 OK 0.1 0.10 0.19

1st-B 0.65 41.1 10.5 OK 0.2 0.35 0.33 0.58 16.2 -0.9 OK 0.0 -0.03 0.12 0.43 40.1 -26.2 OK -0.7 -0.87 0.22
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Table 12.- En scores, bias and reported expanded uncertainty of the participants: m,p-xylene 

 
En scores ≥ 1 are highlighted in red. Z-scores and Repeatability scores ≥ of the 95 % confident level interval are highlighted in blue and those ≥ of the 99 % confident level interval in red  
 
 
 
 

Compound EKONERG ISPRA EPA

m,p-xylene Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores

1st-A 0.34 38.5 -38.4 OK -1.0 -1.27 0.16 0.53 11.3 -3.2 OK -0.1 -0.11 0.08 0.50 15.6 -8.8 OK -0.3 -0.29 0.10

2nd-A 1.75 10.7 3.5 OK 0.2 0.03 0.22 1.59 9.6 3.3 OK 0.2 -0.53 0.16 1.40 7.0 -23.5 Check -1.7 -1.17 0.15

3rd-A 3.42 9.0 1.5 OK 0.1 0.12 0.27 3.19 9.5 -5.4 OK -0.4 -0.42 0.27 2.75 6.6 -18.4 Check -1.4 -1.44 0.16

4th-A 7.24 7.3 -5.5 OK -0.5 -0.53 0.35 7.26 9.5 -5.3 OK -0.4 -0.51 0.46 6.15 6.8 -19.8 Check -1.9 -1.88 0.28

5th-A 10.93 6.8 -5.4 OK -0.5 -0.54 0.42 11.69 9.5 1.2 OK 0.1 0.12 0.63 9.71 6.5 -15.9 Check -1.6 -1.60 0.36

6th-A 14.76 6.5 -7.3 OK -0.7 -0.74 0.47 17.17 9.5 7.9 OK 0.6 0.80 0.80 13.20 6.5 -17.1 Check -1.7 -1.73 0.42

5th-B 11.03 6.8 -6.7 OK -0.7 -0.69 0.42 12.04 9.5 1.9 OK 0.1 0.19 0.64 9.93 6.7 -16.0 Check -1.6 -1.65 0.37

4th-B 7.44 7.3 -5.5 OK -0.5 -0.55 0.36 7.97 9.5 1.2 OK 0.1 0.12 0.50 6.45 6.5 -18.1 Check -1.8 -1.82 0.28

3rd-B 3.60 8.8 1.6 OK 0.1 0.14 0.28 3.54 9.5 0.0 OK 0.0 0.00 0.29 2.97 6.9 -16.2 Check -1.4 -1.40 0.18

2nd-B 2.13 10.7 3.5 OK 0.2 0.24 0.23 2.12 9.6 3.3 OK 0.2 0.22 0.21 1.57 7.0 -23.5 Check -1.7 -1.59 0.11

1st-B 0.45 30.4 -35.4 OK -0.9 -1.37 0.17 1.06 10.0 52.9 Check 1.5 2.04 0.13 0.46 29.8 -34.1 OK -0.9 -1.32 0.17

Compound GIOS REE VMM

m,p-xylene Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores

1st-A 1.01 19.7 84.9 Check 1.8 2.82 0.25 0.60 14.7 9.4 OK 0.3 0.31 0.11

2nd-A 2.43 16.2 41.7 Check 1.6 2.35 0.41 1.76 14.6 5.0 OK 0.3 0.06 0.27

3rd-A 4.38 16.2 30.1 Check 1.3 2.36 0.63 3.35 14.6 -0.7 OK 0.0 -0.05 0.43

4th-A 9.03 16.2 17.7 OK 0.8 1.68 0.97 8.78 14.6 14.5 OK 0.8 1.37 0.85

5th-A 13.56 16.2 17.4 OK 0.8 1.74 1.24 13.16 14.6 14.0 OK 0.7 1.40 1.08

6th-A 18.16 16.2 14.1 OK 0.7 1.43 1.45 17.93 14.6 12.6 OK 0.7 1.29 1.29

5th-B 13.74 16.2 16.2 OK 0.8 1.67 1.24 13.37 14.6 13.1 OK 0.7 1.35 1.09

4th-B 9.16 16.2 16.3 OK 0.8 1.64 0.98 9.04 14.6 14.7 OK 0.8 1.48 0.87

3rd-B 4.60 16.2 29.9 Check 1.3 2.58 0.65 3.56 14.6 0.5 OK 0.0 0.04 0.45

2nd-B 2.91 16.2 41.7 Check 1.6 2.83 0.48 2.16 14.6 5.0 OK 0.3 0.34 0.32

1st-B 1.13 17.7 63.6 Check 1.5 2.46 0.24 0.75 14.6 9.0 OK 0.2 0.35 0.13

Compound LIKZ SHMU DLI

m,p-xylene Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores

1st-A 0.63 50.1 15.0 OK 0.2 0.50 0.40 0.77 45.1 40.0 OK 0.6 1.33 0.43

2nd-A 1.72 15.4 7.7 OK 0.4 -0.07 0.35 1.92 20.4 4.2 OK 0.2 0.60 0.45

3rd-A 3.45 10.9 2.4 OK 0.1 0.19 0.33 3.79 15.6 12.4 OK 0.6 0.97 0.52

4th-A 7.91 7.2 3.1 OK 0.3 0.29 0.38 7.95 13.0 3.7 OK 0.2 0.35 0.69

5th-A 11.76 6.5 1.8 OK 0.2 0.19 0.43 11.91 12.4 3.1 OK 0.2 0.31 0.83

6th-A 15.83 6.3 -0.5 OK -0.1 -0.05 0.49 16.11 12.1 1.2 OK 0.1 0.12 0.96

5th-B 11.83 6.5 0.0 OK 0.0 0.00 0.43 11.99 12.4 1.4 OK 0.1 0.15 0.83

4th-B 8.10 7.1 2.9 OK 0.3 0.29 0.38 8.10 13.0 2.9 OK 0.2 0.29 0.69

3rd-B 3.68 10.4 3.9 OK 0.3 0.34 0.33 3.97 15.4 12.1 OK 0.6 1.04 0.53

2nd-B 2.21 15.4 7.7 OK 0.4 0.53 0.34 2.14 20.4 4.2 OK 0.2 0.29 0.44

1st-B 0.80 39.7 14.9 OK 0.3 0.58 0.39 0.79 45.1 14.2 OK 0.2 0.55 0.43

Compound IPH_S AAA DCMR

m,p-xylene Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores

1st-A 0.13 893.7 -77.0 OK -0.4 -2.56 1.41 0.30 101.0 -46.2 OK -0.7 -1.53 0.37

2nd-A 0.42 156.6 -60.8 OK -1.0 -4.56 1.24 1.21 34.5 -35.7 Check -1.4 -1.83 0.46

3rd-A 1.25 107.7 -62.8 Check -1.5 -4.92 1.19 2.67 24.8 -20.8 OK -0.9 -1.63 0.59

4th-A 3.35 52.9 -56.4 Check -2.3 -5.35 1.18 7.78 18.6 1.4 OK 0.1 0.14 0.96

5th-A 5.34 40.6 -53.8 Check -2.6 -5.40 1.22 12.06 17.5 4.4 OK 0.2 0.44 1.19

6th-A 7.32 35.0 -54.0 Check -3.0 -5.49 1.26 16.45 16.9 3.3 OK 0.2 0.34 1.37

5th-B 5.62 39.6 -52.5 Check -2.6 -5.41 1.24 12.10 17.5 2.3 OK 0.1 0.24 1.18

4th-B 3.73 49.5 -52.6 Check -2.1 -5.30 1.22 7.87 18.6 -0.1 OK 0.0 -0.01 0.96

3rd-B 1.60 89.0 -55.0 Check -1.3 -4.74 1.24 2.88 24.1 -18.8 OK -0.9 -1.62 0.60

2nd-B 0.81 156.6 -60.8 OK -1.0 -4.13 1.27 1.32 34.5 -35.7 Check -1.4 -2.42 0.46

1st-B 0.29 399.3 -58.1 OK -0.3 -2.25 1.41 0.37 84.2 -46.8 OK -0.8 -1.81 0.38

Compound DCMR2 APPA BZ ERLAP

m,p-xylene Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores

1st-A 0.75 38.7 36.7 OK 0.6 1.22 0.36 0.40 21.5 -27.1 OK -0.8 -0.90 0.11 0.34 38.5 -38.8 Check -1.0 -1.29 0.16

2nd-A 2.12 27.7 12.3 OK 0.4 1.29 0.63 1.36 9.9 -7.1 OK -0.4 -1.32 0.15 2.02 8.1 -5.5 OK -0.4 0.95 0.22

3rd-A 3.70 25.8 10.0 OK 0.3 0.78 0.85 2.95 9.4 -12.4 OK -0.9 -0.97 0.25 3.65 4.9 8.4 OK 0.7 0.66 0.16

4th-A 7.69 24.1 0.3 OK 0.0 0.03 1.23 6.61 9.1 -13.8 Check -1.1 -1.31 0.40 7.82 2.8 2.0 OK 0.2 0.19 0.14

5th-A 10.66 23.7 -7.7 OK -0.3 -0.77 1.42 10.09 9.1 -12.6 Check -1.1 -1.27 0.52 11.54 2.1 -0.1 OK 0.0 -0.01 0.13

6th-A 15.57 23.3 -2.2 OK -0.1 -0.22 1.78 13.90 9.1 -12.7 Check -1.1 -1.29 0.62 15.88 1.9 -0.2 OK 0.0 -0.02 0.15

5th-B 12.00 23.6 1.5 OK 0.1 0.15 1.58 10.34 9.1 -12.5 Check -1.1 -1.29 0.52 11.68 2.8 -1.2 OK -0.1 -0.12 0.18

4th-B 7.75 24.1 -1.6 OK -0.1 -0.16 1.23 6.86 9.1 -12.9 Check -1.1 -1.30 0.41 7.80 2.9 -1.0 OK -0.1 -0.10 0.15

3rd-B 3.73 25.8 5.4 OK 0.2 0.47 0.84 3.20 9.4 -9.7 OK -0.8 -0.83 0.26 3.61 5.5 2.0 OK 0.2 0.17 0.17

2nd-B 2.31 27.7 12.3 OK 0.4 0.84 0.65 1.91 9.9 -7.1 OK -0.4 -0.48 0.19 1.94 8.1 -5.5 OK -0.4 -0.38 0.16

1st-B 0.84 37.0 21.1 OK 0.4 0.82 0.38 0.55 16.7 -20.5 OK -0.6 -0.79 0.11 0.42 31.2 -38.7 Check -1.0 -1.50 0.16
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Table 13.- En scores, bias and reported expanded uncertainty of the participants: o-xylene 

 
En scores ≥ 1 are highlighted in red. Z-scores and Repeatability scores ≥ of the 95 % confident level interval are highlighted in blue and those ≥ of the 99 % confident level interval in red  
 

Compound EKONERG ISPRA EPA

o-xylene Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores

1st-A 0.36 36.4 -28.3 OK -0.8 -1.01 0.16 0.57 13.3 15.1 OK 0.5 0.54 0.10 0.50 10.8 0.4 OK 0.0 0.01 0.07

2nd-A 1.32 12.6 -24.2 Check -1.4 -1.54 0.20 1.54 11.8 21.6 Check 1.0 -0.61 0.19 1.82 12.3 -2.1 OK -0.1 0.52 0.21

3rd-A 2.60 10.0 -22.9 Check -1.6 -2.53 0.23 3.62 11.7 7.3 OK 0.4 0.80 0.37 3.25 5.8 -3.6 OK -0.3 -0.40 0.17

4th-A 5.65 7.8 -25.3 Check -2.3 -3.42 0.29 7.95 11.7 5.2 OK 0.3 0.71 0.62 6.62 5.9 -12.5 Check -1.2 -1.69 0.26

5th-A 8.57 7.1 -25.9 Check -2.4 -3.51 0.34 12.45 11.7 7.6 OK 0.5 1.03 0.82 10.28 5.8 -11.2 Check -1.0 -1.52 0.34

6th-A 11.67 6.7 -27.0 Check -2.8 -3.83 0.39 17.64 11.7 10.4 OK 0.7 1.47 1.01 14.51 5.8 -9.2 OK -0.9 -1.31 0.41

5th-B 8.66 7.1 -26.8 Check -2.8 -3.83 0.34 12.62 11.7 6.7 OK 0.5 0.96 0.82 10.54 6.1 -10.9 Check -1.1 -1.56 0.36

4th-B 5.83 7.7 -24.7 Check -2.2 -3.29 0.30 8.30 11.7 7.2 OK 0.5 0.96 0.64 6.83 5.8 -11.8 Check -1.1 -1.57 0.26

3rd-B 2.77 9.8 -22.4 Check -1.6 -2.49 0.23 3.62 11.7 1.3 OK 0.1 0.15 0.37 3.49 5.8 -2.2 OK -0.2 -0.24 0.18

2nd-B 1.62 12.6 -24.2 Check -1.4 -2.02 0.20 2.60 11.8 21.6 Check 1.0 1.80 0.31 2.10 12.3 -2.1 OK -0.1 -0.18 0.26

1st-B 0.50 27.8 -21.5 OK -0.7 -1.00 0.17 0.62 13.0 -2.5 OK -0.1 -0.12 0.10 0.60 20.9 -4.8 OK -0.2 -0.22 0.16

Compound GIOS REE VMM

o-xylene Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores

1st-A 0.75 26.7 50.6 Check 1.1 1.81 0.25 0.66 14.6 31.7 OK 1.0 1.13 0.12

2nd-A 2.29 16.2 29.1 Check 1.1 2.49 0.39 2.08 14.6 20.1 OK 0.9 1.61 0.32

3rd-A 4.23 16.2 25.6 Check 1.1 2.82 0.61 3.96 14.7 17.5 OK 0.8 1.92 0.51

4th-A 8.92 16.2 18.1 OK 0.9 2.45 0.97 8.83 14.6 16.8 OK 0.9 2.27 0.86

5th-A 13.69 16.2 18.3 OK 0.9 2.48 1.25 13.46 14.6 16.3 OK 0.8 2.21 1.11

6th-A 18.46 16.2 15.5 OK 0.8 2.20 1.47 18.32 14.6 14.6 OK 0.8 2.07 1.31

5th-B 13.66 16.2 15.5 OK 0.8 2.22 1.23 13.65 14.6 15.4 OK 0.8 2.21 1.12

4th-B 9.17 16.2 18.5 OK 0.9 2.46 0.98 9.07 14.6 17.1 OK 0.9 2.28 0.88

3rd-B 4.50 16.2 26.0 Check 1.1 2.89 0.63 4.25 14.7 19.0 OK 0.9 2.11 0.54

2nd-B 2.76 16.2 29.1 Check 1.1 2.43 0.45 2.57 14.6 20.1 OK 0.9 1.67 0.38

1st-B 0.97 20.6 53.2 Check 1.4 2.48 0.25 0.85 14.7 33.5 Check 1.1 1.56 0.15

Compound LIKZ SHMU DLI

o-xylene Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores

1st-A 0.60 45.5 20.1 OK 0.3 0.72 0.34 0.50 42.9 1.0 OK 0.0 0.04 0.27

2nd-A 1.74 13.9 3.6 OK 0.2 0.19 0.31 1.96 15.2 5.3 OK 0.2 1.12 0.34

3rd-A 3.52 10.3 4.5 OK 0.3 0.49 0.32 3.63 13.1 7.7 OK 0.4 0.85 0.42

4th-A 7.69 7.7 1.8 OK 0.1 0.24 0.40 8.05 11.7 6.5 OK 0.4 0.88 0.63

5th-A 11.58 7.3 0.1 OK 0.0 0.01 0.47 12.12 11.4 4.7 OK 0.3 0.64 0.78

6th-A 15.46 7.1 -3.2 OK -0.3 -0.46 0.54 16.76 11.3 4.9 OK 0.3 0.69 0.93

5th-B 11.71 7.3 -1.0 OK -0.1 -0.15 0.47 12.20 11.4 3.1 OK 0.2 0.45 0.78

4th-B 7.87 7.7 1.6 OK 0.1 0.22 0.40 8.22 11.7 6.2 OK 0.4 0.82 0.63

3rd-B 3.74 10.0 4.7 OK 0.3 0.52 0.32 3.92 12.9 9.8 OK 0.5 1.09 0.44

2nd-B 2.22 13.9 3.6 OK 0.2 0.30 0.31 2.25 15.2 5.3 OK 0.2 0.44 0.34

1st-B 0.75 36.4 18.8 OK 0.4 0.88 0.34 0.62 36.7 -2.7 OK -0.1 -0.13 0.28

Compound IPH_S AAA DCMR

o-xylene Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores

1st-A 0.00 -100.0 OK -0.5 -3.57 1.26 0.32 93.5 -35.1 OK -0.5 -1.25 0.38

2nd-A 0.84 73.3 -26.2 OK -0.5 -3.54 1.14 1.21 34.5 -38.5 Check -1.5 -2.01 0.46

3rd-A 3.09 42.4 -8.5 OK -0.2 -0.93 1.16 2.49 25.5 -26.2 Check -1.2 -2.89 0.56

4th-A 7.56 23.2 0.0 OK 0.0 0.00 1.17 6.87 19.1 -9.1 OK -0.5 -1.24 0.87

5th-A 11.69 18.6 1.0 OK 0.0 0.13 1.22 11.05 17.7 -4.5 OK -0.2 -0.61 1.10

6th-A 15.73 16.4 -1.6 OK -0.1 -0.22 1.26 15.40 17.0 -3.7 OK -0.2 -0.52 1.29

5th-B 12.07 18.3 2.1 OK 0.1 0.30 1.23 11.09 17.7 -6.2 OK -0.3 -0.89 1.09

4th-B 8.12 22.3 4.9 OK 0.2 0.65 1.20 6.85 19.1 -11.5 OK -0.6 -1.53 0.87

3rd-B 3.66 37.4 2.5 OK 0.1 0.28 1.19 2.64 24.9 -26.1 Check -1.2 -2.90 0.57

2nd-B 1.58 73.3 -26.2 OK -0.5 -2.19 1.16 1.32 34.5 -38.5 Check -1.5 -3.21 0.45

1st-B 0.38 270.3 -39.3 OK -0.2 -1.84 1.28 0.37 84.0 -41.7 OK -0.8 -1.95 0.38

Compound DCMR2 APPA BZ ERLAP

o-xylene Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, µg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores

1st-A 0.65 41.1 29.9 OK 0.5 1.07 0.34 0.44 0.1 -11.6 OK -0.4 -0.42 0.11 0.39 32.9 -21.2 OK -0.6 -0.76 0.16

2nd-A 1.97 28.3 -1.8 OK -0.1 1.15 0.60 1.48 0.2 -4.7 OK -0.3 -0.88 0.16 1.84 7.1 -2.6 OK -0.2 0.60 0.15

3rd-A 3.40 26.1 0.8 OK 0.0 0.09 0.78 3.19 0.3 -5.3 OK -0.4 -0.59 0.27 3.46 4.6 2.6 OK 0.2 0.28 0.14

4th-A 6.97 24.3 -7.8 OK -0.3 -1.06 1.13 7.33 0.7 -3.0 OK -0.2 -0.41 0.45 7.78 2.6 2.9 OK 0.3 0.40 0.13

5th-A 9.82 23.8 -15.1 OK -0.7 -2.05 1.32 11.67 1.1 0.8 OK 0.1 0.12 0.60 11.75 2.2 1.5 OK 0.2 0.20 0.14

6th-A 14.14 23.4 -11.5 OK -0.5 -1.63 1.62 16.26 1.5 1.7 OK 0.1 0.25 0.72 15.87 1.9 -0.7 OK -0.1 -0.10 0.15

5th-B 10.94 23.7 -7.5 OK -0.3 -1.08 1.44 11.96 1.1 1.1 OK 0.1 0.16 0.61 11.62 3.0 -1.7 OK -0.2 -0.25 0.20

4th-B 7.07 24.3 -8.7 OK -0.4 -1.16 1.14 7.53 0.7 -2.7 OK -0.2 -0.37 0.45 7.68 3.4 -0.9 OK -0.1 -0.11 0.17

3rd-B 3.38 26.1 -5.3 OK -0.2 -0.58 0.77 3.38 0.3 -5.3 OK -0.4 -0.59 0.27 3.49 5.5 -2.1 OK -0.2 -0.24 0.17

2nd-B 2.10 28.3 -1.8 OK -0.1 -0.15 0.59 2.04 0.2 -4.7 OK -0.3 -0.39 0.20 2.08 7.1 -2.6 OK -0.2 -0.22 0.15

1st-B 0.76 38.2 20.7 OK 0.4 0.96 0.36 0.67 0.1 5.8 OK 0.2 0.27 0.12 0.56 25.2 -12.0 OK -0.4 -0.56 0.17
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In this exercise, 7 of the 13 laboratories were also participating in the last inter-laboratory comparison (EUR 28692 EN, 2017). 
With respect to the last comparison, there is a general improvement of the En scores, more evident for the heaviest aromatic 
compounds (see Figure 11). 

In the case of benzene, the improvement in the En scores may not reflect a general improvement in the quality of the 
measurement, as the 20 % decrease in the number of results with En scores ≥ 1 could be due to the average increase of 20 % in 
the value of the reported uncertainties. In contrast, in this exercise the average absolute bias for benzene is double that 
obtained in the previous inter-laboratory comparison. 

The results for toluene showed a real improvement in the results reflected in a reduction by a half of the En scores cases ≥1. 
Note that the average reported uncertainties as the average absolute bias remained similar in both exercises. Such an 
improvement is explained by the reduction of the concentration level to a half in order to fit with a more realistic scenario, 
avoiding at the same time, a possible sampling overload for toluene. 

The increase of circa 40 % in the average reported uncertainty value for the xylenes (excluding o-xylene that did not change) 
cannot explain the reduction to a half of the number of En scores cases ≥1, which reported similar average absolute bias in both 
comparison, reducing to a half the sum of average absolute residuals. Consequently, a proper improvement in analytical method 
for these compounds is evident. 

 

Figure 11.- Comparison of proficiency test exercises 2016 and 2019 
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4 Conclusions 

The reproducibility values of the comparison exercise fulfilled the criteria established by the N37 AQUILA report agreed for 
proficiency assessment. 

In comparison to the previous inter-laboratory exercise (EUR 28692 EN), a slight increase of the reproducibility and the 
repeatability values were observed. Such an increase was explained by the decrease in the levels of concentration used for 
comparison. No significant variations in the robustness of the method were, however, observed. Therefore, the average 
benzene repeatability and reproducibility standard deviation of the exercise were of about 6 % and 14 %, respectively. While 
ethyl-benzene, m,p-xylene and o-xylene showed higher repeatability and reproducibility standard deviations of around 9 % and 
20 %, respectively. The repeatability/reproducibility ratio was describing a robust method for all the considered compounds 
(with 𝛾 ≲  2). 

When statistic scores are compared to those from the previous inter-laboratory exercise, an improvement in the proficiency 
tests results of the heavier aromatic compounds, i.e. from toluene to o-xylene, was observed. 

It is noted that those laboratories using Tenax GR, as a trapping adsorbent, showed a poorer performance in the linearity tests 
when compared to other adsorbent of higher capacity. 

The combined use of the bias, uncertainty and En scores brings a better understanding of the individual laboratory performance 
within the exercise. On the other hand, Z-scores (σm) and the repeatability scores provide independent criteria for comparison 
based on AQUILA N37 protocol and out of the context of the exercise. 
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Annexes:  

 

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

 

Sept. 23rd: Arrival of participants and installation of equipment: 14:00 to 17:30 

Sept. 24th: Calibration and Synchronization: 9:00 – 13:30 / Measurements starting: 14:30 

Sept. 25th: End of measurements:  15:30 / Calibration 15:30 – 17:30 

Sept.26th: Dismantling of equipment and departure of participants. 

 

Annex 2.- Indicators of Mandel’s statistic 

Table A 1.- k and h values 

Number of Laboratories 
k values at of s.l. * 

h values at s.l. * 

3 replicants 5 replicants 

p 1% 5 % 1% 5 % 1% 5 % 

3 1.64 1.53 1.53 1.4 1.15 1.15 

4 1.77 1.59 1.6 1.44 1.49 1.42 

5 1.85 1.62 1.65 1.46 1.72 1.57 

6 1.9 1.64 1.68 1.48 1.87 1.66 

7 1.94 1.66 1.7 1.49 1.98 1.71 

8 1.97 1.67 1.71 1.5 2.06 1.75 

9 1.99 1.68 1.73 1.5 2.13 1.78 

10 2 1.68 1.74 1.5 2.18 1.8 

11 2.01 1.69 1.74 1.51 2.22 1.82 

12 2.02 1.69 1.75 1.51 2.25 1.83 

13 2.03 1.69 1.76 1.51 2.27 1.84 

14 2.04 1.7 1.76 1.52 2.3 1.85 

15 2.05 1.7 1.76 1.52 2.32 1.86 

16 2.05 1.7 1.77 1.52 2.33 1.86 

17 2.06 1.7 1.77 1.52 2.35 1.87 

18 2.06 1.71 1.77 1.52 2.36 1.88 

19 2.07 1.71 1.78 1.52 2.37 1.88 

20 2.07 1.71 1.78 1.52 2.39 1.89 

21 2.07 1.71 1.78 1.52 2.39 1.89 

22 2.08 1.71 1.78 1.52 2.4 1.89 

23 2.08 1.71 1.78 1.53 2.41 1.9 

24 2.08 1.71 1.79 1.53 2.42 1.9 

25 2.08 1.71 1.79 1.53 2.42 1.9 

26 2.09 1.71 1.79 1.53 2.43 1.9 

27 2.09 171 1.79 1.53 2.44 1.91 

     * s.l. : significance level 



32 

Annex 3.- Robust Analysis: Estimation of robust average and standard deviation 

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

is derived from a convergence process of the following equation: 

𝐶̄𝑖
∗ =

∑ 𝐶𝑖
∗

𝑝
 

Eq.A-1 

𝒔∗ = 𝟏. 𝟏𝟑𝟒 ⋅ √
∑(𝑪𝒊 − 𝑪̄𝒊

∗)𝟐

(𝒑 − 𝟏)
 

Eq. A-2 

Where recurrent values are calculated from these equations: 

𝐶𝑖
∗ = {

𝐶̄𝑖
∗ − 1.5 ⋅ 𝑠∗    if     𝐶𝑖 < 𝐶̄𝑖

∗ − 1.5 ⋅ 𝑠∗

𝐶̄𝑖
∗ + 1.5 ⋅ 𝑠∗      if      𝐶𝑖 > 𝐶̄𝑖

∗ + 1.5 ⋅ 𝑠∗

𝐶𝑖                  otherwise

 

Eq. A-3 

The initial values are calculated as: 

𝐶̄𝑖
∗ =  median of 𝐶𝑖  (𝑖 =  1, 2,...p) 

𝑠∗ = 1.483 ⋅  median of |𝐶𝑖 − 𝐶̄𝑖
∗| (𝑖 =  1, 2,...p) 

Eq. A-4  
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Annex 4.- Repeatability, reproducibility and robustness: Previous comparison exercises:  

 

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

 Repeatability, % Reproducibility, % Robustness () 

Benzene 1.4 17.8 17.2 

Toluene 1.8 10.0 7.1 

Ethyl-benzene 2.2 9.7 6.1 

m,p-Xylene 4.2 8.0 2.1 

o-Xylene 3.1 16.5 6.7 

 (EUR 23792EN 2009) 

 

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

 Repeatability, % Reproducibility, % Robustness () 

Benzene 4.7 7.9 1.7 

Toluene 4.2 15.1 3.6 

Ethyl-benzene 9.4 20.0 2.2 

m,p-Xylene 9.3 26.6 2.8 

o-Xylene 9.7 17.7 1.8 

 (EUR 27012EN 2014) 

 

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

 Repeatability, % Reproducibility, % Robustness () 

Benzene 4.26 8.38 2.05 

Toluene 3.97 9.15 2.36 

Ethyl-benzene 6.44 12.22 1.99 

m,p-Xylene 7.46 14.31 2.06 

o-Xylene 6.02 14.19 2.34 

      (EUR 28692 EN 2017). 
 
 

Annex 5.- Conversion factors for data reporting 

 

Table A 5.- . µg/m3 to ppb (v/v) conversion factors 

 Conversion factor 

µg/m3 / ppb (v/v) 

Benzene 3.25 

Toluene 3.83 

Ethyl-benzene 4.41 

Xylenes 4.41 

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

𝑏𝑖𝑎𝑠 ( %)  =  
𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 (%)

100 + 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 (%)
∙ 100, 𝑖𝑓 𝑙𝑎𝑏𝑜𝑟𝑎𝑡𝑜𝑟𝑦 𝑣𝑎𝑙𝑢𝑒 <  𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑣𝑎𝑙𝑢𝑒

 

 

Figure A 1.- Results of the inter-laboratory comparison: Deviation (%) 
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|--------| Expanded uncertainty 
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Annex 7.- h and k statistic results of the inter-laboratory comparison  

Figure A 2.-  Benzene: initial and converged h and k statistics 

 

Figure A 3.- Toluene: initial and converged h and k statistics 
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Figure A 4.-Ethyl-benzene: initial and converged h and k statistics 

 

Figure A 5.- m,p-Xylene: initial and converged h and k statistics 
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Figure A 6.- o-Xylene: initial and converged h and k statistics 

 

Figure A 7.- Percentage of outliers identified by laboratory and compound 
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Annex 8.- Analysers and method description from participating laboratories  
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List of abbreviations and definitions 

AAA Environmental Protection Agency (Lithuania) 

APPA Agenzia Provinciale Per l’Ambiente e la Tutela del Clima 

AQUILA Air quality reference laboratories  

BTEX Benzene, toluene, ethyl-benzene, xylene 

CG Gas chromatograph 

DCMR DCMR Milieudienst Rijnmond 

Conc. Concentration 

D.D. Dynamic Dilution 

DLI Department of Labour Inspection. Ministry of Labour and Social Insurance (Cyprus) 

EC European Commission 

EKONERG Energy and Environmental Protection Institute (Croatia) 

EPA Environmental Protection Agency (Ireland) 

ERLAP European Reference Laboratory of Air Pollution 

EU European Union 

U % Relative Expanded Uncertainty 

FID Flame ionization detector 

GIOS Chief Inspectorate of Environmental Protection (Poland) 

H.C. Hydrocarbons 

i.d. Internal diameter 

IPH_S Institute of Public Health of Belgrade (Serbia) 

ISO International Standard Organisation 

ISPRA Istituto Superiore per la Protezione e Ricerca Ambientale - Area Metropologia (Italy) 

JRC Joint Research Centre 

LIKZ Laboratory Croatian Hydrological and Laboratory Service (Croatia) 

l.s. level of significance 

LV Limit value 

QAQC Quality assurance quality control 

n.a. Not available 

NPL National Physical Laboratory (United Kingdom) 

NRL National Reference Laboratory 

PID Photo ionization detector 

ppb (m/m) Concentration part per billion, molar fraction 

Press. Cyl. Pressurised cylinder 

P.T. Permeation tubes 

REE Agency Ricardo Energy and Environment (United Kingdom) 

RSD Relative standard deviation, % 

SHMU Slovak Hydrometeorological Institute (Slovakia) 
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stdev standard deviation 

Tr. Std. Travelling standard 

U  Expanded Uncertainty 

VMM Vlaamse Milieumaatschappij, (Belgium) 

VSL National Metrology Institute. (The Netherlands) 

 

C  Average concentration value 

iC  Average concentration value of I measurements 

C  Inter-laboratory average concentration 

*

iC  Robust average value 

Cref Reference concentration value  

C8 refers to hydrocarbons with 8 atoms of carbon 

En 
22

reflab

reflab

n

UU

CC
E

+

−
=

 

ki Mandel-k value for laboratory i 

n Number of replicated analysis  

p Number of participating laboratories 

P(Z) Probability function of the random variable Z. 

Rc Residuals of the linear regression iC vs Cref  at the evaluated concentration level, C 

∑|𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙𝑠|̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ = ∑ (|𝑏𝑖𝑎𝑠|𝑖
̅̅ ̅̅ ̅̅ ̅̅ ̅ ∙ 𝐶𝑟𝑒𝑓𝑖

100⁄ )𝐿𝑒𝑣𝑒𝑙𝑠
𝑖  :   sum of average absolute residuals 

s* Standard deviation of the robust average value 

*

iC
 

sbias  Standard deviation of the bias, refi CC −*

 

icS
 Standard deviation of the average inter-laboratory value 

si Standard deviation of the sample i. 

sL
2 Inter-laboratory variance or between-laboratory variance 

SLN37 𝒔𝑳𝑵𝟑𝟕
= √𝝈̂𝑵𝟑𝟕

𝟐 −
𝒔𝒓

𝟐

𝒏
: between laboratory standard deviation from the prescript conditions of 

proficiency assessment of AQUILA network. 

sr
2 Repeatability variance or intra-laboratory variance 

sR
2 Reproducibility variance 

u Uncertainty of the method 

uCref Uncertainty associated with the reference concentration value Cref 

upt Standard uncertainty of the robust value of the proficiency test 

Z 
𝐶𝑙𝑎𝑏−𝐶𝑟𝑒𝑓

𝜎̂𝑚
 : Z-scores statistic 
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µg/m3 Micrograms per cubic meter 

α Level of significance 

γ  γ = sR/sr , gamma value 

σ Standard deviation 

𝜎̂ Standard deviation for proficiency assessment 

𝜎̑𝑚 𝝈̑𝒎 = √(𝟎. 𝟓 ⋅ 𝒔𝑳)𝟐 +
𝒔𝒓

𝟐

𝒏
: minimum standard deviation of proficiency assessment coherent with 

method reproducibility 

𝜎̂𝑁37 Standard deviation for proficiency assessment prescript by AQUILA network 

(1-α)  Confidence level 
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