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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 23™ to the 26™ 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 pg/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 1SO13528 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 %.



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 23™ to the 26™ 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.



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 pg/m3 at 20 °C and 1 atm. Conversion factors from ppb (v/v) to pg/m?3 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 Ene.rgy and  Environmental - Protection Croatia Predrag Hercog, Jean-Luc Picard (AKA)
Institute
Istituto Superiore per la Protezione e . - . .

ISPRA Ricerca Ambientale - Area Metrologia Italy Damiano Centioli, Fabio Cadoni
Department of Labour Inspection
Mini f L Welf ial

DLI inistry of Labour, Welfare and Socia Cyprus Christos Kizas, Christos Papadopoulos
Insurance
Air Quality Section

GIOS Chief ‘Inspectorate of  Environmental Poland Andrzej Pindel, Tomasz Fraczkowski
Protection

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
Ambient Air Testing Laboratory

LIkz Croatian Hydrological and Meteorological Croatia Lovro Hrust, Mladen Rupcic
Service

AAA Environmental Protection Agency Lithuania Juozas. Molis, Rolandas Kybartas

DCMR DCMR Milieudienst Rijnmond The Netherlands Ed van der Gaag, Han Scaf
A ia Provinciale Per I'Ambi |

APPA genzia ro.vmaa e Per IAmbiente e la Italy Oswald Vigl, Guinther Kerschbaumer
Tutela del Clima (Bolzano)

SHMU Slovak Hydrometeorological Institute Slovakia Peter Holoman, Maros Jurcovic

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

JRC Joint Research Centre — ERLAP Europe.an. Andrea Bau, Pascual Pérez Ballesta,

Commission




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

Column:
Cycle time, Adsorbent, Sampled volume
Code Analyser Detector Length, i.d.*, film thickness
min Desorption conditions
Operational conditions
Carbopack B, 470 ml
Chromatotec AirmoVOC MXT30CE 30 m, 0.28 mm, 1 um
EKONERG FID 80°C for 120 s
GC866 (2014) 15 44°C,2°C/min, 45°C,15°C/min, 165°C(360s)
RESTEK #80129
ORION BTX 2000 — Tenax GR
ISPRA 30 PID 5% RT1200 / 5% Bentone on
SR18610C (2006) 200 °C for 210 s at 20 ml/min
100/120 Silcoport, 2 m, 2 mm i.d. T=80°C
Chromatotec MX T30 ce,30m, 0.28 mm i.d., 1 um Telnax GR, Carbopack B, X & C, 782.35
DLI . FID m
airmoVOC (BTEX) 15 45-165 °C 380 °C for 120 s
SY-5:12m, 0.32 mm, 1 um Tenax GR, 35 ml
GIOS SYNSPEC Analyser GC 955, Vers.15 PID
601 (2018) 50°C (3 min), 10°C/min,70°C (7 min) 180°C for 26 s, 1.5 ml/min
Chromatotec MXT30CE: 30 m, 0.28 mm, 1 pm 2-phases C6, 450 ml
VMM ; _ 15 FID
g'g;g) BTEX  Meerts-A21022 43-45°C (2°C/min) 45-165°C (15°C/min) 380°C for 120 s, 3-4 ml/min
AT-5,13 m, 0.32 mm, 1um Tenax GR 35/60, 210 ml
EPA ZEEITESSS Analyser GC 955, Vers.15 PID
4 45°C (240 s),14°C/min, 80°C (1 min) 180°C for 60 s, 1.5 ml/min
Environment S.A. SPB-624: 13 m, 0.32 mm, 1.8 um Carbopack-X, 900 ml
REE 15 PID
VOC71M (2005) 34°C (115 s),20°C/min,150°C (155 s) 350°C for 180 s, 1 ml/min
Chromatotec GC866 FID MXT 30 XE: 30 m, 0.28 mm i.d. 1 um Carbotrap, 425 ml
LIKZ . 15 FID
airmoVOC - 350°C for 180 s
AAA AMA Instrument, CG5000 BTX F|D’30 . AMAsepl, 30 m, 0.32 mm, 1.5 um Carbotrap, 300 ml
2017 50°C (180 s),8°C/min,130°C (5) 230°C for 180's, 2 ml/min
Environment S.A. ENVEA) aplar: 15 m, 0.25 mm, 1 um Carbotrap, 220 ml
DCMR 15 PID
VOC72M (2017) 20°C-170°C 380°C for 380 s
AMA instruments GmbH GC5000 AMAsep-1:30m, 0.32 mm, 1.5 um Tenax, 300 ml
DCMR2 20 FID
BTX, 2017 30°C-210°C 350°Cfor9's
AT-5,13 m, 0.32 mm i.d., 1 um
- Tenax GR 35-60 mesh,
APPA Syntech Spectras GC955-600 vers.30 PID 50°C-70°C
22008 175°Cfor1.5s
Synspec SY-1, 15 m, .32 mm i.d., 1 um
SHMU Syntech Spectras GC955 Model1 | Tenax GR
M 601, 2015 5 PID 50°C (3 min),10°C/min,70°C (7 min), -
10°C/min,50°C
AT-624: 15 m, 0.32 mm, 1 pm
PH SYNTECH SPECTRAS Analyser GC, o0 Tenax GR, 210 m|
955, 2009 50°C (3 min),10°C/min,70°C (7 min), - _ ., .
10°C/min,50°C 180°C for 60 s, 1.5 ml/min
Dean switch double column
GC6890N Agilent DB-1,50 m 0.32 mm i.d. 1.2 um Air Toxic trap, 600 ml.
JRC 30 FID

ATD-50 Perkin Elmer

Al203 KCI 50 m 0.32 mm i.d. 8 um

40°C (5 min),6°C/min,200°C (15 min)

300 °C 10 min

*i.d.: internal diameter
** n.a.: not available



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

Press. Cyl. Hungary Hungary

EKONERG 1380%75 131972 1255469 2699+146 1326173 meteorogy meteorogy 12/09/2019
D.D. service service
Press. Cyl. 9.98 +0.20 9.98 +0.20 9.98 £0.28 10.01+ 0.41 9.99 +0.37 10.00+0.38

ISPRA SIAD S.p.A SIAD 23/05/2019
D.D. Orion 0GD2000 410432 395+31 409432 392431 391+31 395431
Press. Cyl.

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

GIOS 1142457 1184+118 1274127 1200120 12184122 12324123 AirLiquid AirLiquid 11/08/2017
D.D. MCZ CGM200
Press. Cyl.

VMM 4.89% -- 4.89% -- 4.917+ - 4.846+ -- 4.917+ - - NPL NPL 17/01/2018
D.D. (AirQrate)

EPA Press. Cyl. 9.8810.20 9.614+0.25 10.39+0.26 20.240.60 9.3440.25 NPL NPL 21/05/2019
Press. Cyl

REE 4.00+0.08 4.00£0.08 4.0040.08 8.00+0.16 4.03+0.08 NPL NPL 08/03/2019
VOC 30 HC.

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
Press. Cyl.

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

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
Press. Cyl.

APPA 189.8+3.8 189.743.8 190.1 £59 190.7+4.2 SIAD ACCREDIA
P.T. (Horiba 360)

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

IPH 2000 MESSER MESSER 22/06/2019
D.D. (ASGU 370 P)
Press. Cyl. 4 4 4 4 4 NPL NPL

JRC 29/06/2016
D.D. 200 200 200 200 200 AirLiquid AirLiquid

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)



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:

_ 1.25-s*

pt—T

u

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 uncertainty (10) Toluene uncertainty (16)  Ethylbenzene uncertainty (10)
Conc., pug/m3 % Conc., pg/m3 % Conc., ug/m3 %
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 uncertainty (10) o-Xylene uncertainty (10)
Conc., ug/m3 % Conc., g/ m? %
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




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, Crf, for which the residual, R, is calculated according to the following expression:

R.=C—(a+b-Cpp)

Eq. 2

where a and b are the correlation coefficients of the linear regression (C vs Ce). 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, C;, and the standard deviation of the average inter-laboratory values, Se;-

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:

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, s, and the intra-laboratory variance (repeatability variance), s”. The addition of both variances represents the
reproducibility variance, sg?, in this case being the variance associated with the uncertainty of the method [ISO 5725 Part 1, Part

2,1994]:
— / 2 —
u = |[s;+SfF=5g
Eq. 4
being
L p
5T2=—z:sl-2
b &
l
1 < i
sﬁ:ij(Ci—C) +<1——) s?
L
Eq.5,Eq. 6



where p is the number of laboratories; n is the number of replicated analyses done by each laboratory; ‘s/ and ’a’ are the
standard deviation and average value corresponding to the laboratory ’.

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

2
the ratio: SL/SZ This unilateral test for the F-distribution statistic depends on the degrees of freedom (experimental design:
T

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, ¥ = sp/s,, 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, owsz, is calculated as a
function of the concentration level in pg/m3, C, by the following equation:

63y = 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 pug/m?3), until 0.2 ug/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 V2 are considered as acceptable, while values between v2 and V3
are questionable and higher than V3, 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 I1SO 13528, the ratio between the between-laboratory standard deviation of the inter-laboratory comparison,
si, and that derived from the prescribed standard deviation for the proficiency assessment, siv37, 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:

_ |»2
Sins; = |On37

Eq. 8

the minimum standard deviation of proficiency assessment coherent with method reproducibility, 6,,, can be calculated by the
following equation (I1SO 13528):

Eq.9

Therefore, when &y is higher than 6, 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, &,,. This statistic
would provide a criterion for identification of outliers independent of the comparison exercise performance:

Ciap — C,
7= lab ref

A

Om

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 E,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

Ulzab + Ufef

Eq. 11

where Uiab and Urer 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

™ TENAX GR GRAPHITIC CHARCOAL ®WFID ®PID

RATIO: RESIDUAL/INSTRUMENT

T"r

BENZENE ETHYLBENZENE MPXYLENE OXYLENE

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
Ist-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
Sth-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
Ist-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
Sth-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
Sth-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 DU IPH.S AAA DCMR DCMR2  APPABZ  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 0K 7 oK oK oK
5th -A oK oK oK oK oK oK oK 0K oK -5 oK oK
6th oK oK oK oK oK oK oK 0K 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 0K -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 DU IPH.S AAA DCMR DCMR2  APPABZ  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 0K 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 0K oK oK oK oK
3rd -8 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
Ist-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
Sth-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 1
level of concentration, being approximately the same percentage of their corresponding uncertainties.

Figure 4. Reported blank levels

benzene blanks toluene blanks

ethyl-benzene blanks m,p-xylene blanks

e

o-xylene blanks

CONCENTRATION, MG/M3

® ZERO-A, = ZZERO-B |---- | uncertainty (1 o)
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34 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

toluene

CONCENTRATION

ethyl-benzene m,p-xylene

CONCENTRATION, UG/M?

NTRATION, UG/M?

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

benzene toluene
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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 y values of the inter-laboratory exercise

Repeatability, % Reproducibility, % Robustness (y)
Benzene 5.62 13.51 2.15
Toluene 6.23 11.96 191
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, om, and the relative standard
deviation for proficiency assessment ons7 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
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3.6 Repeatability-score, Z-scores and E, 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

benzene toluene

SCORES
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Figure 9.- Z-scores (om) for the inter-laboratory comparison exercise

benzene toluene
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*Under N37 AQUILA proficiency test criteria with Si= 2 Sinz7 (Om S Ona7)
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Figure 10.- E, 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 (om) 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 (om) is not affected by the reported uncertainty of the laboratory,
because the om is used to relativize the scores. Therefore, Z-scores (om) 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

Compound EKONERG ISPRA EPA

benzene Concentration, ug/m3 [U, % bias, %  State En Z-scores (sigmam)  Repeatability scores Concentration, ug/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores  |Concentration, ug/m3 U, % bias, %  State En Z-scores (sigmam)  Repeatability scores
Ist-A 0.89 18.2 -5.2  OK -0.2 -0.26 0.19 0.94 57.8 05 OK 0.0 0.02 0.64 0.62 4.2 -34.0 Check -1.7 -171 0.03
2nd-A 2.66 9.7 -43 0K -0.4 -0.10 0.25 2.83 17.8 104 OK 0.5 0.31 0.54 224 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 04 OK 0.1 0.04 0.42 10.98 8.7 43 OK 0.4 0.37 0.56 9.89 4.4 -6.1  Check -1.1 -0.52 0.25
Sth-A 15.97 6.5 09 OK 0.1 0.08 0.51 16.79 7.9 61 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 12 OK 0.2 0.11 0.59 23.53 7.5 9.2 Check 1.0 0.83 0.76 21.09 4.3 -21  OK -0.4 -0.19 0.39
Sth-B 16.13 6.5 12 OK 0.2 0.11 0.51 17.10 7.8 73  OK 0.8 0.66 0.66 15.47 4.7 -29 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 65 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 -19  OK -0.2 -0.15 0.31 5.18 126 23 OK 0.2 0.19 0.51 4.24 4.4 -16.3  Check -24 -133 0.15
2nd-B 2.86 9.7 -43  OK -0.4 -0.33 0.25 3.30 17.8 104 OK 0.5 0.80 0.54 2.32 4.6 -22.1 Check -2.7 -171 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, pg/m3 U, % bias, % State En Z-scores (sigmam)  Repeatability scores Concentration, pg/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores  |Concentration, pg/m3 U, % bias, % State En Z-scores (sigmam)  Repeatability scores
Ist-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 14.5 121 OK 0.5 0.61 0.18
2nd-A 2.83 13.6 18 0K 0.1 0.32 0.36 119 13.1 -40.8  Check -3.8 -3.83 0.15 3.23 14.5 111 OK 0.6 134 0.44
3rd-A 5.03 136 -14  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 14.6 116 OK 0.7 1.01 1.00
5th-A 15.41 13.6 -26  OK -0.2 -0.23 1.03 9.14 13.1 -42.2  Check -5.0 -3.72 0.59 17.56 14.6 110 OK 0.7 0.97 1.26
6th-A 21.05 13.6 -23  OK -0.2 -0.21 123 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
S5th-B 15.43 13.6 -3.1  OK -0.2 -0.28 1.03 10.09 26.2 -36.7 Check -21 -3.31 130 17.60 14.6 105 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 14.6 114 OK 0.7 1.01 1.01
3rd-B 5.21 13.6 29 OK 0.2 0.23 0.55 2.93 13.1 -42.0 Check -4.4 -3.44 0.30 5.61 14.6 109 OK 0.6 0.89 0.63
2nd-B 3.04 136 1.8 OK 0.1 0.14 0.38 177 13.1 -40.8 Check -3.8 -3.15 0.21 331 14.5 111 OK 0.6 0.85 0.44
1st-B 1.07 18.7 39 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, ug/m3 U, % bias, %  State En Z-scores (sigmam)  Repeatability scores Concentration, ug/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores |Concentration, ug/m3 U, % bias, %  State En Z-scores (sigmam)  Repeatability scores
Ist-A 111 11.0 18.0 OK 0.8 0.90 0.14 0.14 308.8 -85.5 Check -1.7 -4.29 0.49 122 185 304 OK 1.0 1.52 0.27
2nd-A 2.73 5.8 06 OK 0.1 0.07 0.15 0.65 455 -69.4  Check -4.4 -5.20 0.40 3.02 119 49 OK 0.3 0.81 0.34
3rd-A 5.04 4.9 -11  OK -0.2 -0.09 0.19 1.22 341 -76.1  Check -85 -6.15 0.32 5.02 10.8 -16 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 -19  OK -0.2 -0.17 0.61
Sth-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 -09 OK -0.1 -0.08 0.41 6.03 6.8 -72.0 Check -16.3 -6.52 0.18 21.24 10.1 -14  OK -0.1 -0.13 0.92
Sth-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 -33  OK -0.3 -0.30 0.76
4th-B 10.75 4.5 13 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 14 OK 0.2 0.11 0.20 1.42 29.2 -72.0 Check -7.2 -5.88 0.32 511 10.8 09 OK 0.1 0.07 0.43
2nd-B 3.00 5.8 06 OK 0.1 0.05 0.16 0.91 45.5 -69.4 Check -4.4 -5.35 0.38 3.13 119 49 OK 0.3 0.37 0.34
1st-B 111 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, ug/m3 U, % bias, %  State En Z-scores (sigmam)  Repeatability scores Concentration, ug/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores  |Concentration, ug/m3 [U, % bias, %  State En Z-scores (sigmam)  Repeatability scores
1st-A 0.95 92.1 15 OK 0.0 0.08 1.03 1.06 7.5 133  OK 0.6 0.67 0.09 0.52 63.6 -44.3  Check -11 -2.22 0.39
2nd-A 2.57 33.7 41 OK 0.1 -0.35 0.95 2.46 4.0 -28 OK -0.3 -0.61 0.10 157 313 -46.7 Check -2.6 -2.87 0.47
3rd-A 5.30 231 40 OK 0.2 0.32 0.95 4.77 35 -6.4  Check -13 -0.52 0.13 3.14 234 -384 Check -2.6 -3.11 0.57
4th-A 10.55 15.6 02 OK 0.0 0.02 0.96 9.94 3.2 -5.6  Check -1.2 -0.49 0.19 8.65 183 -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 31 -6.3  Check -13 -0.55 0.23 13.97 17.2 -11.7  OK -0.7 -1.03 118
6th-A 21.28 11.8 -13  OK -0.1 -0.11 1.07 19.98 31 -7.3  Check -1.5 -0.66 0.27 19.67 16.7 -87 OK -0.6 -0.79 141
5th-B 16.38 129 28 OK 0.2 0.25 1.04 14.75 31 -7.4  Check -1.4 -0.67 0.23 14.03 17.2 -11.9  OK -0.8 -1.08 118
4th-B 10.73 15.5 11 oK 0.1 0.09 0.97 9.90 3.2 -6.7  Check -1.3 -0.59 0.18 8.70 183 -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 35 -53 0K -0.8 -0.43 0.13 3.19 233 -36.9 Check -2.3 -3.02 0.58
2nd-B 311 33.7 41 OK 0.1 0.32 0.96 2.90 4.0 -28 OK -0.3 -0.22 0.11 1.59 313 -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, pg/m3 U, % bias, % State En Z-scores (sigmam)  Repeatability scores Concentration, ug/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores  |Concentration, pg/m3 [U, % bias, %  State En Z-scores (sigmam)  Repeatability scores
1st-A 1.26 321 342 OK 0.7 172 0.47 0.99 121 5.7 OK 0.2 0.29 0.14 0.43 311 -53.9 Check -2.2 -2.71 0.16
2nd-A 3.28 26.2 111 OK 0.4 1.47 0.81 2.61 9.4 32 OK 03 -0.24 0.23 2.56 6.2 -83 OK -0.9 -0.37 0.14
3rd-A 531 24.8 41 OK 0.2 0.33 1.02 4.96 9.2 -27 OK -0.3 -0.22 0.35 522 3.8 23 OK 0.4 0.19 0.15
4th-A 10.97 23.7 42 OK 0.2 0.37 1.52 10.67 9.1 13 OK 0.1 0.12 0.57 10.79 22 25 OK 0.6 0.22 0.14
Sth-A 16.25 233 27 OK 0.1 0.24 187 16.62 9.1 51 OK 0.5 0.45 0.74 15.62 2.2 -13  OK -0.3 -0.11 0.17
6th-A 21.81 231 12 oK 0.1 0.11 2.16 2233 9.1 36 OK 0.4 033 0.87 21.66 18 05 OK 0.1 0.05 0.16
Sth-B 16.27 233 21 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 11.08 236 44  OK 0.2 0.39 153 11.01 9.1 38 OK 0.4 033 0.58 10.37 4.1 -23  OK -0.4 -0.20 0.25
3rd-B 5.43 24.8 73 OK 0.3 0.59 1.04 5.11 9.2 1.0 OK 0.1 0.08 0.36 4.90 4.6 -32  OK -0.4 -0.26 0.18
2nd-B 3.32 26.2 111 OK 0.4 0.86 0.79 3.08 9.4 32 OK 0.3 0.25 0.27 2.74 6.2 -83 OK -0.9 -0.64 0.16
1st-B 1.32 316 281 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

En scores 2 1 are highlighted in red. Z-scores and Repeatability scores 2 of the 95 % confident level interval are highlighted in blue and those 2 of the 99 % confident level interval in red
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Table 10.- E, scores, bias and reported expanded uncertainty of the participants: toluene

Compound EKONERG ISPRA EPA

toluene State En Concentration, pg/m3 U, % State En Repeatability scores Concentration, pg/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores
Ist-A OK -1.0 Check 0.13 177 -25.5 Check -17 -2.27 0.10
2nd-A Check -13 oK 0.41 9.09 -6.0 OK -0.7 -1.14 0.50
3rd-A Check -13 oK 0.65 17.86 -3.2  OK -0.4 -0.61 0.46
4th-A Check -13 Check 108 41.83 57 OK 0.6 1.00 0.75
Sth-A Check -1.0 Check 138 65.38 103  OK 1.0 1.60 0.96
6th-A Check -11 Check 1.67 91.87 13.4  Check 13 2.05 115
Sth-B Check -13 Check 138 67.04 113 Check 1.2 1.89 1.00
4th-B Check -11 Check 110 43.92 9.7 OK 1.0 161 0.77
3rd-B Check -1.4 oK 0.68 19.53 23 OK 0.3 0.43 0.49
2nd-B Check -13 oK 0.47 10.53 -6.0 OK -0.7 -1.04 0.33
1st-B Check -1.2 Check 0.17 2.33 -20.9 OK -0.9 -1.88 0.49
Compound GIOS REE VMM

toluene State En State En bility scores  |Concentration, ug/m3 bias, %  State En Z-scores (sigma m) bility scores
Ist-A Check 1.0 2.92 23.0 Check 1.0 2.05 0.42
2nd-A OK 0.8 11.63 152 OK 0.8 2.87 1.03
3rd-A OK 0.6 21.32 155 OK 0.9 2.95 143
4th-A OK 0.4 45.90 159 OK 0.9 2.81 217
Sth-A OK 0.4 68.99 164 OK 0.9 2.55 2.68
6th-A OK 0.3 92.91 147 OK 0.8 2.25 312
5th-B OK 0.3 69.07 147 OK 0.8 2.46 2.68
4th-B OK 0.4 46.20 154 OK 0.8 2.54 218
3rd-B OK 0.6 21.83 144 OK 0.8 2.67 145
2nd-B OK 0.8 12.91 152 OK 0.8 2.63 1.08
1st-B OK 0.8 3.50 188 OK 0.9 1.69 0.47
Compound LIKZ SHMU DLI

toluene State En State En Repeatability scores  |Concentration, ug/m3 bias, %  State En Z-scores (sigmam)  Repeatability scores
Ist-A OK 0.4 2.78 171 OK 0.5 153 0.78
2nd-A OK 03 10.46 13 oK 0.1 1.04 0.85
3rd-A OK 0.2 18.29 -09 OK -0.1 -0.17 0.98
4th-A OK 0.0 38.97 -1.6 OK -0.1 -0.27 1.35
Sth-A OK 0.0 58.88 -0.7  OK -0.1 -0.11 1.65
6th-A OK 0.0 80.41 -08  OK -0.1 -0.12 1.92
Sth-B OK -0.1 59.27 -16  OK -0.1 -0.27 1.65
4th-B OK 0.0 39.54 -1.2 0K -0.1 -0.20 137
3rd-B OK 0.2 18.97 -06  OK 0.0 -0.11 1.00
2nd-B OK 03 11.35 13 OK 0.1 0.22 0.84
1st-B OK 0.2 3.16 73 OK 0.2 0.65 0.75
Compound IPH_S AAA DCMR

toluene State En State En Repeatability scores Concentration, pg/m3 bias, %  State En Z-scores (sigma m) Repeatability scores
Ist-A OK 0.0 oK 0.17 2.22 -6.4 OK -0.2 -0.57 0.58
2nd-A OK 0.4 oK 0.24 9.99 99 0K -0.6 0.30 1.08
3rd-A OK -0.2 oK 0.35 16.86 -87 OK -0.5 -1.65 131
4th-A OK -0.3 oK 0.51 35.52 -10.3  OK -0.6 -1.81 185
Sth-A OK -0.2 oK 0.63 52.61 -11.3  OK -0.7 -1.75 2.23
6th-A OK -0.2 oK 0.73 70.39 -13.1 0K -0.8 -2.01 2.54
Sth-B OK -0.1 oK 0.62 52.71 -125 0K -0.8 -2.09 2.22
4th-B OK 0.0 oK 0.51 35.74 -10.7 OK -0.7 -1.78 185
3rd-B OK 0.3 oK 0.35 17.36 -9.0 OK -0.5 -1.68 133
2nd-B OK 0.4 oK 0.27 10.10 99 0K -0.6 -1.71 1.03
1st-B OK 0.9 oK 0.17 2.53 -14.1  OK -0.6 -1.27 0.59
Compound DCMR2 APPA BZ ERLAP

toluene State En State En bility scores |Concentration, ug/m3 bias, %  State En Z-scores (sigma m) bility scores
Ist-A OK 0.4 oK 0.22 2.08 -122 0K -0.8 -1.09 0.12
2nd-A OK -0.3 oK 0.50 10.01 -48 OK -0.5 0.32 0.35
3rd-A OK -0.3 oK 0.75 19.91 7.9  Check 13 1.50 0.20
4th-A OK -0.4 oK 1.09 40.68 28 OK 0.4 0.49 0.29
Sth-A OK -0.9 oK 137 59.71 0.7 OK 0.1 0.11 0.37
6th-A OK -0.7 oK 1.62 81.09 01 OK 0.0 0.01 0.50
5th-B OK -0.4 oK 139 59.54 -12 0K -0.1 -0.19 0.61
4th-B OK -0.7 oK 112 39.10 -23 0K -0.3 -0.39 0.41
3rd-B OK -0.5 oK 0.77 18.73 -19  OK -0.2 -0.35 0.53
2nd-B OK -0.3 oK 0.59 10.67 -48 OK -0.5 -0.83 0.49
1st-B OK 0.0 oK 0.26 2.80 -5.1  OK -0.3 -0.46 0.24
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Table 11.- E, scores, bias and reported expanded uncertainty of the participants: ethyl-benzene

Compound EKONERG ISPRA EPA

ethyl-benzene |Concentration, ug/m3 |U, % bias, %  State En Z-scores (sigma m) Repeatability scores  |Concentration, ug/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores Concentration, pg/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores
Ist-A 0.32 40.0 -322  OK -0.8 -111 0.16 0.57 185 214 OK 0.5 0.74 0.13 0.31 5.2 -345 Check -1.0 -119 0.02
2nd-A 153 111 -6.1  OK -0.3 -0.20 0.21 134 8.4 109 OK 0.6 -1.03 0.15 121 5.4 -28.7 Check -17 -1.58 0.11
3rd-A 2.90 9.6 <72 OK -0.4 -0.66 0.25 3.48 7.6 113 OK 0.7 1.04 0.24 2.46 5.7 -21.2  Check -14 -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 1.0 177 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 11 1.96 0.51 9.05 5.6 -15.7 Check -13 -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 14 2.58 0.63 13.30 5.5 -10.7 OK -1.0 -1.52 0.37
Sth-B 9.66 6.9 -11.8  Check -1.0 -1.65 0.39 12.37 7.1 129  Check 1.0 1.80 0.50 9.27 6.0 -15.4  Check -14 -2.15 0.32
4th-B 6.44 7.5 -10.9 OK -0.8 -1.32 0.33 8.12 7.1 123 OK 0.9 1.50 0.39 6.21 5.6 -14.0 Check -11 -1.71 0.24
3rd-B 3.05 9.4 -83  OK -0.5 -0.79 0.25 3.67 7.5 105 OK 0.7 1.00 0.24 2.62 5.8 -21.0  Check -15 -2.01 0.13
2nd-B 1.80 111 -6.1  OK -0.3 -0.48 0.21 213 8.4 109 OK 0.6 0.86 0.18 137 5.4 -28.7 Check -17 -2.25 0.08
1st-B 0.40 3333 -313  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, ug/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores |Concentration, ug/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores Concentration, pg/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores
1st-A 0.70 28.7 479 OK 0.9 1.65 0.25 0.63 14.6 331 OK 0.9 114 0.12
2nd-A 2.26 16.2 341 Check 12 2.92 0.39 191 14.6 151  OK 0.6 141 0.30
3rd-A 4.02 16.2 288 Check 11 2.66 0.59 3.48 146 115 OK 0.5 1.06 0.46
4th-A 8.52 16.2 206 OK 0.9 2.45 0.95 8.47 14.6 19.8 OK 0.9 2.36 0.85
Sth-A 12.74 16.2 187 OK 0.8 241 120 12.65 14.6 179 OK 0.9 2.30 1.08
6th-A 17.22 16.2 15.7 OK 0.7 224 141 17.10 14.6 148 OK 0.8 212 1.26
Sth-B 12.81 16.2 169 OK 0.8 2.36 120 12.77 14.6 166 OK 0.8 231 1.08
4th-B 8.73 16.2 208 OK 0.9 2.53 0.96 8.63 146 194 OK 0.9 2.36 0.86
3rd-B 4.26 16.2 283  Check 12 2.70 0.61 3.67 14.6 103 OK 0.5 0.99 0.48
2nd-B 2.57 16.2 341 Check 12 2.67 0.43 221 14.6 151 0K 0.6 119 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, ug/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores  |Concentration, ug/m3 U, % bias, %  State En Z-scores (sigmam) Repeatability scores Concentration, pg/m3 U, % bias, %  State En Z-scores (sigmam) Repeatability scores
Ist-A 0.63 33.0 335 OK 0.6 116 0.26 0.75 337 59.6 OK 0.9 2.06 0.32
2nd-A 176 10.8 111 oK 0.5 0.77 0.24 1.92 159 10.7 OK 0.4 147 0.35
3rd-A 3.33 7.9 6.5 OK 0.4 0.60 0.24 3.45 129 105 OK 0.5 0.97 0.40
4th-A 7.26 5.7 2.8 OK 0.2 033 0.28 737 10.8 4.3 oK 0.3 0.51 0.55
Sth-A 10.95 53 20 OK 0.2 0.26 0.33 10.95 103 20 OK 0.1 0.26 0.65
6th-A 14.92 5.1 02 OK 0.0 0.03 0.39 14.77 10.1 -08 0K -0.1 -0.12 0.75
Sth-B 11.04 53 07 OK 0.1 0.10 0.33 11.03 103 06 OK 0.0 0.09 0.65
4th-B 7.39 5.6 23 OK 0.2 0.28 0.28 7.48 10.7 35 OK 0.2 0.43 0.55
3rd-B 3.50 7.7 52 0K 0.3 0.50 0.24 3.74 12.6 124 OK 0.7 119 0.42
2nd-B 213 10.8 111 oK 0.5 0.87 0.24 212 159 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, ug/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores  |Concentration, ug/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores Concentration, pg/m3 U, % bias, %  State En Z-scores (sigmam)  Repeatability scores
Ist-A 0.18 565.6 -61.9 OK -0.3 -2.13 129 0.29 102.4 -383 OK -0.5 -1.32 0.38
2nd-A 0.85 781 -23.4 0K -0.4 -3.12 116 1.08 385 -43.0 Check -1.6 -2.15 0.45
3rd-A 2.38 521 -239 OK -0.6 -2.21 112 1.90 287 -39.1 Check -17 -3.61 0.49
4th-A 6.17 26.2 -12.7 0K -0.5 -1.51 111 5.27 20.2 -25.4 Check -13 -3.03 0.73
5th-A 9.73 20.3 -9.4 OK -0.4 -1.21 115 9.18 18.1 -145 OK -0.8 -1.86 0.97
6th-A 13.15 17.6 -11.7  OK -0.6 -1.67 117 13.38 173 -10.2 OK -0.6 -145 117
5th-B 10.16 19.8 <73 OK -0.3 -1.02 116 9.23 18.1 -15.8 OK -0.9 -2.20 0.96
4th-B 6.67 25.1 -7.7  OK -0.3 -0.93 114 533 20.1 -26.2  Check -1.4 -3.19 0.73
3rd-B 291 44.4 -125 0K -0.3 -119 114 1.97 28.2 -40.6  Check -1.9 -3.88 0.49
2nd-B 1.47 781 -234 0K -0.4 -1.83 118 1.09 385 -43.0 Check -1.6 -3.37 0.43
1st-B 4.24 225.9 -20.9  OK -0.1 -0.69 130 0.35 86.7 -39.7 OK -0.7 -1.31 0.38
Compound DCMR2 APPA BZ ERLAP

ethyl-benzene |Concentration, pg/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores  [Concentration, pg/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores Concentration, pg/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores
Ist-A 0.56 44.0 185 OK 0.3 0.64 0.31 0.42 20.5 -11.0 OK -0.3 -0.38 0.11 0.30 435 -36.1 OK -0.8 -1.25 0.17
2nd-A 178 29.0 -33 0K -0.1 0.87 0.56 1.64 9.7 127 OK 0.6 0.27 0.18 1.62 9.6 13 0K 0.1 0.17 0.18
3rd-A 3.06 26.5 -21  OK -0.1 -0.20 0.73 3.47 9.3 111 oK 0.6 1.02 0.29 3.26 6.7 4.4 OK 0.3 0.40 0.20
4th-A 6.34 245 -104 OK -0.4 -1.23 1.06 7.66 9.1 84 OK 0.5 1.00 0.48 7.25 31 26 OK 0.2 0.31 0.16
Sth-A 8.82 239 -17.8 0K -0.8 -2.30 1.23 12.04 9.1 122 OK 0.8 157 0.64 10.76 2.6 02 OK 0.0 0.03 0.17
6th-A 12.98 235 -12.8  OK -0.6 -1.83 1.54 16.47 9.1 106 OK 0.8 1.51 0.76 14.77 2.1 -0.8 OK -0.1 -0.11 0.16
Sth-B 10.00 23.7 -88 OK -0.4 -1.22 137 12.28 9.1 121 OK 0.8 1.69 0.64 10.87 25 -0.8 0K -0.1 -0.11 0.15
4th-B 6.37 24.4 -11.9 0K -0.5 -1.45 1.06 7.89 9.1 9.2 OK 0.6 112 0.49 7.28 29 07 OK 0.1 0.08 0.15
3rd-B 3.03 26.6 -89 OK -0.3 -0.85 0.71 3.69 9.3 111 OK 0.7 1.06 0.31 3.36 5.6 11 oK 0.1 0.10 0.17
2nd-B 185 29.0 -33 0K -0.1 -0.26 0.55 2.16 9.7 127 OK 0.6 1.00 0.22 1.94 9.6 13 0K 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

En scores 2 1 are highlighted in red. Z-scores and Repeatability scores 2 of the 95 % confident level interval are highlighted in blue and those 2 of the 99 % confident level interval in red
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Table 12.- E, scores, bias and reported expanded uncertainty of the participants: m,p-xylene

Compound EKONERG ISPRA| EPA

m,p-xylene Concentration, pg/m3 |U, % bias, %  State En 2Z-scores (sigma m) p scores Concentration, ug/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, ug/m3 U, % bias, %  State En Z-scores (sigma m) p bility scores
Ist-A 0.34 385 -384 0K -1.0 -1.27 0.16 0.53 113 -32  OK -0.1 -0.11 0.08 0.50 15.6 -88 0K -0.3 -0.29 0.10
2nd-A 175 10.7 35 OK 0.2 0.03 0.22 1.59 9.6 33 OK 0.2 -0.53 0.16 140 7.0 -23.5 Check -17 -117 0.15
3rd-A 3.42 9.0 15 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 -55 0K -0.5 -0.53 0.35 7.26 9.5 -53 0K -0.4 -0.51 0.46 6.15 6.8 -19.8 Check -1.9 -1.88 0.28
Sth-A 10.93 6.8 -54  OK -0.5 -0.54 0.42 11.69 9.5 12 OK 0.1 0.12 0.63 9.71 6.5 -15.9 Check -16 -1.60 0.36
6th-A 14.76 6.5 <73 OK -0.7 -0.74 0.47 17.17 9.5 79 OK 0.6 0.80 0.80 13.20 6.5 -17.1  Check -17 -173 0.42
5th-B 11.03 6.8 -6.7 0K -0.7 -0.69 0.42 12.04 9.5 19 OK 0.1 0.19 0.64 9.93 6.7 -16.0 Check -16 -1.65 0.37
4th-B 7.44 7.3 -55  OK -0.5 -0.55 0.36 7.97 9.5 12 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 16 OK 0.1 0.14 0.28 3.54 9.5 00 OK 0.0 0.00 0.29 2.97 6.9 -16.2  Check -1.4 -1.40 0.18
2nd-B 213 10.7 35 0K 0.2 0.24 0.23 212 9.6 33 OK 0.2 0.22 0.21 157 7.0 -23.5 Check -17 -1.59 0.11
1st-B 0.45 30.4 -354 OK -0.9 -1.37 0.17 1.06 10.0 52.9  Check 15 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, pg/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores Concentration, ug/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores Concentration, ug/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores
Ist-A 1.01 19.7 849  Check 18 2.82 0.25 0.60 14.7 9.4 OK 0.3 0.31 0.11
2nd-A 243 16.2 41.7  Check 1.6 235 0.41 176 14.6 5.0 OK 03 0.06 0.27
3rd-A 4.38 16.2 30.1 Check 13 2.36 0.63 3.35 14.6 -0.7 OK 0.0 -0.05 0.43
4th-A 9.03 16.2 177 0K 0.8 1.68 0.97 8.78 14.6 145 0K 0.8 137 0.85
5th-A 13.56 16.2 17.4  OK 0.8 1.74 124 13.16 14.6 140 OK 0.7 1.40 108
6th-A 18.16 16.2 141  OK 0.7 143 145 17.93 14.6 126 OK 0.7 1.29 129
Sth-B 13.74 16.2 162 OK 0.8 1.67 124 13.37 14.6 131 Ok 0.7 135 1.09
4th-B 9.16 16.2 163 OK 0.8 1.64 0.98 9.04 14.6 147 OK 0.8 1.48 0.87
3rd-B 4.60 16.2 29.9 Check 13 2.58 0.65 3.56 14.6 05 OK 0.0 0.04 0.45
2nd-B 291 16.2 417  Check 16 2.83 0.48 2.16 14.6 50 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, pg/m3 , % bias, %  State En Z-scores (sigma m) Repeatability scores Concentration, ug/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores Concentration, ug/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores
Ist-A 0.63 50.1 150 OK 0.2 0.50 0.40 0.77 45.1 40.0 OK 0.6 133 0.43
2nd-A 172 15.4 77 OK 0.4 -0.07 0.35 192 20.4 42 OK 0.2 0.60 0.45
3rd-A 3.45 10.9 24  OK 0.1 0.19 0.33 3.79 15.6 124 OK 0.6 0.97 0.52
4th-A 7.91 7.2 31 0OK 0.3 0.29 0.38 7.95 13.0 37 OK 0.2 0.35 0.69
Sth-A 11.76 6.5 1.8 OK 0.2 0.19 0.43 11.91 12.4 31 OK 0.2 0.31 0.83
6th-A 15.83 6.3 -05  OK -0.1 -0.05 0.49 16.11 121 12 0K 0.1 0.12 0.96
5th-B 11.83 6.5 00 OK 0.0 0.00 0.43 11.99 12.4 14  OK 0.1 0.15 0.83
4th-B 8.10 7.1 29 OK 0.3 0.29 0.38 8.10 13.0 29 OK 0.2 0.29 0.69
3rd-B 3.68 10.4 39 OK 0.3 0.34 0.33 3.97 15.4 121 0K 0.6 1.04 0.53
2nd-B 221 15.4 77 OK 0.4 0.53 0.34 2.14 20.4 42 OK 0.2 0.29 0.44
1st-B 0.80 39.7 149 OK 0.3 0.58 0.39 0.79 45.1 142 OK 0.2 0.55 0.43
Compound IPH_S AAA DCMR

m,p-xylene Concentration, pg/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores Concentration, ug/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores Concentration, ug/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores
1st-A 0.13 893.7 -77.0 OK -0.4 -2.56 141 0.30 101.0 -46.2 OK -0.7 -1.53 0.37
2nd-A 0.42 156.6 -60.8 OK -1.0 -4.56 124 121 345 -35.7 Check -1.4 -1.83 0.46
3rd-A 1.25 107.7 -62.8 Check -15 -4.92 119 2.67 24.8 -20.8 0K -0.9 -1.63 0.59
4th-A 3.35 52.9 -56.4 Check -2.3 -5.35 118 7.78 18.6 1.4 OK 0.1 0.14 0.96
Sth-A 5.34 40.6 -53.8  Check -2.6 -5.40 122 12.06 17.5 44 OK 0.2 0.44 119
6th-A 7.32 35.0 -54.0 Check -3.0 -5.49 126 16.45 16.9 33  OK 0.2 0.34 137
5th-B 5.62 39.6 -52.5 Check -2.6 -5.41 124 12.10 17.5 23 OK 0.1 0.24 118
4th-B 3.73 49.5 -52.6 Check -2.1 -5.30 122 7.87 18.6 -0.1  OK 0.0 -0.01 0.96
3rd-B 1.60 89.0 -55.0 Check -13 -4.74 124 2.88 241 -188 0K -0.9 -1.62 0.60
2nd-B 0.81 156.6 -60.8 OK -1.0 -4.13 127 132 345 -35.7 Check -1.4 -2.42 0.46
1st-B 0.29 399.3 -58.1 OK -0.3 -2.25 141 0.37 84.2 -46.8 0K -0.8 -1.81 0.38
Compound DCMR2 APPA BZ ERLAP

m,p-xylene Concentration, pg/m3 U, % bias, % State En Z-scores (sigma m) p k scores Concentration, ug/m3 U, % bias, % State En Z-scores (sigma m) Repeatability scores Concentration, ug/m3 U, % bias, %  State En Z-scores (sigma m) p bility scores
Ist-A 0.75 387 36.7 OK 0.6 122 0.36 0.40 215 -27.1  OK -0.8 -0.90 0.11 0.34 385 -38.8 Check -1.0 -1.29 0.16
2nd-A 2.12 27.7 123 0K 0.4 129 0.63 136 9.9 -7.1 OK -0.4 -132 0.15 2.02 81 -55  OK -0.4 0.95 0.22
3rd-A 3.70 258 10.0 OK 0.3 0.78 0.85 2.95 9.4 -124  OK -0.9 -0.97 0.25 3.65 4.9 84 OK 0.7 0.66 0.16
4th-A 7.69 241 03 OK 0.0 0.03 123 6.61 9.1 -13.8  Check -11 -131 0.40 7.82 2.8 20 0K 0.2 0.19 0.14
Sth-A 10.66 23.7 -7.7 OK -0.3 -0.77 1.42 10.09 9.1 -12.6  Check -11 -1.27 0.52 11.54 21 -0.1  OK 0.0 -0.01 0.13
6th-A 15.57 233 -22 0K -0.1 -0.22 178 13.90 9.1 -12.7 Check -11 -1.29 0.62 15.88 19 -0.2 0K 0.0 -0.02 0.15
5th-B 12.00 236 1.5 OK 0.1 0.15 158 10.34 9.1 -12.5 Check -11 -129 0.52 11.68 2.8 -12 0K -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 -11 -1.30 0.41 7.80 29 -1.0 OK -0.1 -0.10 0.15
3rd-B 3.73 258 54 OK 0.2 0.47 0.84 3.20 9.4 -9.7 OK -0.8 -0.83 0.26 3.61 5.5 20 OK 0.2 0.17 0.17
2nd-B 231 27.7 123 0K 0.4 0.84 0.65 191 9.9 <71 OK -0.4 -0.48 0.19 194 81 -55 0K -0.4 -0.38 0.16
1st-B 0.84 37.0 211 OK 0.4 0.82 0.38 0.55 16.7 -20.5 OK -0.6 -0.79 0.11 0.42 312 -38.7 _ Check -1.0 -1.50 0.16

En scores 2 1 are highlighted in red. Z-scores and Repeatability scores 2 of the 95 % confident level interval are highlighted in blue and those 2 of the 99 % confident level interval in red
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Table 13.- E, scores, bias and reported expanded uncertainty of the participants: o-xylene

Compound EKONERG ISPRA EPA

o-xylene Concentration, ug/m3 , % bias, %  State En Z-scores (sigma m) Repeatability scores Concentration, ug/m3 U, % bias, %  State En Z-scores (sigma m) bility scores Concentration, ug/m3 U, % bias, %  State En Z-scores (sigmam)  Repeatability scores
1st-A 0.36 36.4 -283  OK -0.8 -1.01 0.16 0.57 133 151 0K 0.5 0.54 0.10 0.50 10.8 04  OK 0.0 0.01 0.07
2nd-A 132 12.6 -24.2  Check -1.4 -1.54 0.20 154 11.8 216  Check 1.0 -0.61 0.19 182 123 -21 0K -0.1 0.52 0.21
3rd-A 2.60 10.0 -229 Check -1.6 -2.53 0.23 3.62 117 73 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 7.95 117 52 OK 03 0.71 0.62 6.62 5.9 -12.5 Check -1.2 -1.69 0.26
Sth-A 8.57 7.1 -25.9 Check -2.4 -3.51 0.34 12.45 11.7 76 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 17.64 117 104 OK 0.7 1.47 101 14.51 5.8 -9.2 0K -0.9 -1.31 0.41
5th-B 8.66 7.1 -26.8 Check -2.8 -3.83 0.34 12.62 117 6.7 OK 0.5 0.96 0.82 10.54 6.1 -10.9 Check -11 -1.56 0.36
4th-B 5.83 7.7 -24.7 Check -2.2 -3.29 0.30 8.30 117 72 0K 0.5 0.96 0.64 6.83 5.8 -11.8  Check -11 -1.57 0.26
3rd-B 2.77 9.8 -22.4  Check -16 -2.49 0.23 3.62 11.7 13 0K 0.1 0.15 0.37 3.49 5.8 -22 0K -0.2 -0.24 0.18
2nd-B 1.62 12.6 -24.2  Check -1.4 -2.02 0.20 2.60 11.8 216  Check 1.0 1.80 0.31 210 123 -21  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 -25 0K -0.1 -0.12 0.10 0.60 20.9 -48  OK -0.2 -0.22 0.16
Compound GIOS REE VMM

o-xylene Concentration, ug/m3 U, % bias, %  State En Z-scores (sigmam) Repeatability scores Concentration, ug/m3 U, % bias, %  State En Z-scores (sigmam) Repeatability scores Concentration, ug/m3 U, % bias, %  State En Z-scores (sigmam)  Repeatability scores
1st-A 0.75 26.7 50.6  Check 11 181 0.25 0.66 14.6 317 OK 10 113 0.12
2nd-A 229 16.2 29.1  Check 11 249 0.39 2.08 14.6 201 OK 0.9 1.61 0.32
3rd-A 4.23 16.2 25.6  Check 11 2.82 0.61 3.96 14.7 175 OK 0.8 1.92 0.51
4th-A 8.92 16.2 181 OK 0.9 2.45 0.97 8.83 14.6 16.8 OK 0.9 2.27 0.86
5th-A 13.69 16.2 183 0K 0.9 248 1.25 13.46 14.6 163 OK 0.8 221 111
6th-A 18.46 16.2 155 OK 0.8 2.20 1.47 18.32 14.6 146 OK 0.8 2.07 131
Sth-B 13.66 16.2 155 OK 0.8 2.22 123 13.65 14.6 154 OK 0.8 221 112
4th-B 9.17 16.2 185 0K 0.9 2.46 0.98 9.07 14.6 171 OK 0.9 2.28 0.88
3rd-B 4.50 16.2 26.0 Check 11 2.89 0.63 4.25 14.7 19.0 OK 0.9 211 0.54
2nd-B 2.76 16.2 29.1  Check 11 243 0.45 2.57 14.6 201 OK 0.9 167 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, ug/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores Concentration, ug/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores Concentration, ug/m3 U, % bias, %  State En Z-scores (sigmam)  Repeatability scores
Ist-A 0.60 45.5 20.1  OK 03 0.72 0.34 0.50 4.9 10 OK 0.0 0.04 0.27
2nd-A 174 139 36 OK 0.2 0.19 0.31 196 15.2 53 OK 0.2 112 0.34
3rd-A 3.52 10.3 45 OK 03 0.49 0.32 3.63 131 77 OK 0.4 0.85 0.42
4th-A 7.69 7.7 1.8 OK 0.1 0.24 0.40 8.05 117 6.5 oK 0.4 0.88 0.63
Sth-A 11.58 7.3 01 OK 0.0 0.01 0.47 12.12 11.4 47 OK 0.3 0.64 0.78
6th-A 15.46 7.1 -3.2 0K -0.3 -0.46 0.54 16.76 13 49 OK 0.3 0.69 0.93
5th-B 11.71 7.3 -1.0 0K -0.1 -0.15 0.47 12.20 11.4 31 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 47 OK 03 0.52 0.32 3.92 129 9.8 OK 0.5 1.09 0.44
2nd-B 2.22 139 36 OK 0.2 0.30 0.31 2.25 15.2 53 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 0K -0.1 -0.13 0.28
Compound IPH_S AAA DCMR

o-xylene Concentration, pg/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores Concentration, pg/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores Concentration, ug/m3 U, % bias, %  State En Z-scores (sigmam)  Repeatability scores
1st-A 0.00 -100.0 OK -0.5 -3.57 126 0.32 93.5 -351 OK -0.5 -1.25 0.38
2nd-A 0.84 733 -26.2  OK -0.5 -3.54 114 121 345 -385 Check -15 -2.01 0.46
3rd-A 3.09 42.4 -85 OK -0.2 -0.93 116 2.49 255 -26.2  Check -1.2 -2.89 0.56
4th-A 7.56 232 00 OK 0.0 0.00 117 6.87 19.1 9.1  OK -0.5 -1.24 0.87
Sth-A 11.69 18.6 1.0 0K 0.0 0.13 122 11.05 17.7 -45 OK -0.2 -0.61 110
6th-A 15.73 16.4 -16  OK -0.1 -0.22 1.26 15.40 17.0 -3.7 0K -0.2 -0.52 129
5th-B 12.07 183 2.1 OK 0.1 0.30 123 11.09 17.7 -6.2  OK -0.3 -0.89 1.09
4th-B 8.12 223 49 OK 0.2 0.65 1.20 6.85 19.1 -11.5 0K -0.6 -1.53 0.87
3rd-B 3.66 374 25 0K 0.1 0.28 119 2.64 24.9 -26.1 Check -1.2 -2.90 0.57
2nd-B 158 733 -26.2  OK -0.5 -2.19 116 132 345 -38.5 Check -15 -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, ug/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores Concentration, ug/m3 U, % bias, %  State En Z-scores (sigma m) Repeatability scores Concentration, ug/m3 U, % bias, %  State En Z-scores (sigmam)  Repeatability scores
1st-A 0.65 411 299 OK 0.5 1.07 0.34 0.44 0.1 -11.6 0K -0.4 -0.42 0.11 0.39 329 -21.2 0K -0.6 -0.76 0.16
2nd-A 1.97 283 -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 -26  OK -0.2 0.60 0.15
3rd-A 3.40 26.1 08 OK 0.0 0.09 0.78 3.19 0.3 -53 0K -0.4 -0.59 0.27 3.46 4.6 26 OK 0.2 0.28 0.14
4th-A 6.97 243 -7.8 0K -0.3 -1.06 113 7.33 0.7 -3.0 0K -0.2 -0.41 0.45 7.78 26 29 OK 0.3 0.40 0.13
5th-A 9.82 238 -15.1 0K -0.7 -2.05 132 11.67 11 08 OK 0.1 0.12 0.60 11.75 22 15 OK 0.2 0.20 0.14
6th-A 14.14 23.4 -11.5 OK -0.5 -1.63 1.62 16.26 15 17 OK 0.1 0.25 0.72 15.87 1.9 -0.7 OK -0.1 -0.10 0.15
Sth-B 10.94 23.7 -7.5  OK -0.3 -1.08 1.44 11.96 11 11 oK 0.1 0.16 0.61 11.62 3.0 -17  OK -0.2 -0.25 0.20
4th-B 7.07 243 -87 0K -0.4 -116 114 7.53 0.7 -27 0K -0.2 -0.37 0.45 7.68 3.4 -09 OK -0.1 -0.11 0.17
3rd-B 3.38 26.1 -53 0K -0.2 -0.58 0.77 3.38 0.3 -53 0K -0.4 -0.59 0.27 3.49 5.5 -21 0K -0.2 -0.24 0.17
2nd-B 2.10 283 -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 -26  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 58 OK 0.2 0.27 0.12 0.56 25.2 -12.0 OK -0.4 -0.56 0.17

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
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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 E, 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 21.
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 21, 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

Average reported expanded uncertainties
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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
(withy < 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 (om) 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

k values at of s.I. *

Number of Laboratories h values ats.I. *
3 replicants 5 replicants

p 1% 5% 1% 5% 1% 5%
3 1.64 1.53 1.53 14 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 19 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 1.5 213 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
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Annex 3.- Robust Analysis: Estimation of robust average and standard deviation

The robust estimation of an average value, C_‘L-*, and standard deviation, s*, of p inter-laboratory measurements
is derived from a convergence process of the following equation:

_ Cc’
L
p
Eq.A-1
C. — CH2
s =1.134 - Z(‘il
r-1)
Eq. A-2

Where recurrent values are calculated from these equations:

—15-s* if C;<C —15-s"
+15-s* if C>C +15-s"
C; otherwise

C;
Ci* = C_ i*

Eqg. A-3
The initial values are calculated as:

C{ = medianof C; (i = 1, 2,..p)
* = 1.483 - median of |C; — C/| (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 (y)
Benzene 14 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 (y)
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 (y)
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.- . ug/m3 to ppb (v/v) conversion factors

Conversion factor

pg/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(%),
B deviation (%)
~ 100 + deviation (%)

if laboratory value > reference value

bias (%)

- 100, if laboratory value < reference value

Figure A 1.- Results of the inter-laboratory comparison: Deviation (%)
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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
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Figure A 4.-Ethyl-benzene: initial and converged h and k statistics
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Figure A 6.- o-Xylene: initial and converged h and k statistics
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Figure A 7.- Percentage of outliers identified by laboratory and compound
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Annex 8.- Analysers and method description from participating laboratories

EKONERG

]
I
)

JRC-ERLAP
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b

Participatili Laboratory

EKOMERG

ACTORyE

Ferson|=s] responsible

F'redrag Hercng [Ak& Jean-Lus Picard)

EKONERG

Conkack e-mails:
Telephone contact:

predro g here A oner o he

Characteriztic of your BTEX analyzer

Trademark
Maodel:
Verzion: Chromatotec airmoyiOC
“ear of manufacture: GC 26

Helium Mitrogen Hydrogen Carbon diodd Air
Carrier gas: yes yes
Other gases uzed:
Operating system: 11 Wistachrom
Cucle time, min: 15

Sdsarbent material:

Carbopack B

Sampling control

Sampling temperature, I

Sample valume, ml

MNumber of adsarbent tubs

Desarption temperature,

Dezorption time, zec

Dezarption How . miimin

Cruo-trap detail 1

Trapping temperature, ' Ambient temperature

Dezarption temperature, 'C

Dezarption time, =

Dezorption How, mitmin

split Flow, mildmin

Stripper column

Bnalytical column

phaze:

l=ngth, m:
diameter [I0] mm:
thicknezz [pm):

analytical conditions:

Traceability of your calibration Standard

Cerkified reference material [I:F?I

CRM

Certified by Hungarian meteoralagy service
Certified number: 12812017

Compound Concontration, ppb (malémal] Expanded Uncortainty, ippbimalimal)
Berzene 1220 75

Toluene 1313 72
Ethul-benzens 1255 £3
m+p-Fulens 2633 146

o-Fulene 1326 73

Other methods

Dilution of CEM

yes [dynymic dilution wth MFCs)

Static Injection

Permeation
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EKONERG

EKONERG d.o0.0. + Odjel za mjerenja i analitiku
Umijerni laboratorij, Koranska 5, HR-10000 Zagreb
Tel: +385 (0)1 6000-111; Faks: +385 (0)1 6171-560

POTVRDA O UMJERAVANJU

CALIBRATION CERTIFICATE

Br./No. 158/2019

Radni nalog |

Work order

Kupac

Customer

Adresa kupca
Customer address
Naziv analizatora
Calibrated analyzer
Proizvodaé
Manufacturer

Tip

Type

Serijski broj

Serial number
Veliéina

Quantity

Mjerno podruéje
Measurement range
Mjesto umjeravanja
Location of calibration
Datum primitka
Date of receipt
Datum umjeravanja
Date of calibration
Umjeravanje proveo
Calibration provided by
Broj stranica
Number of pages
Datum izdanja

Date of issue

1-02-3024/19

Ekonerg d.o.o.
Umjerni laboratorij

Koranska 5, HR-10000 Zagreb
Analizator benzena
CHROMATOTEC

airTOXIC GC 866

23140414

Koncentracija CeHs / pg/m?

0 - 50 pg/m? (0 - 15 nmol/mol)
Umjerni laboratorij, Zagreb, Koranska 5
9.9.2019.

12.9.2019.

Predrag Hercog

4

16.9.2019.

Voditelj Umjernog laboratorija
Head of Calibration Laboratory

Zlatko Grgi¢, dipl.ing.univ.spec.

Direktor Odjela za mjerenja i analitiku
Director of MA Department

Bojan Abramovié, dipl.ing.

Potvrda o umjeravanju nije valjana bez potpisa. UmnoZavanje je dopusteno samo u cijelosti.
Calibration certificate without signatures is not valid. This certificate may not be reproduced other than in full,
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1. POSTUPAK UMJERAVANJA | CALIBRATION PROCEDURE

Wjaravanje_ je provedeno izravnom metodom umjeravanja u nekoliko toéaka opisanom u protokolu eL. EKONERG
imisijskih analizatora, izdanje 6, 2017-04-12, totka 3.5.5. Proviera funkcionalnosti provedena je sukladno istoAnq

Dodataka, odstupanja i zuzetaka od metode nema.

.C_ahl_:ration was per!ormed by direct calibration procedure at several points as described in the protocol eLAB-PU-101, Calibration
of imission analyzer, issue 6, 2017-04-12, clause 3.5.5. Functional tests are provided according to the same protocol, clause 3.4.
There are no additions to, deviations, nor exclusions from the method.

2. UMJERNA OPREMA / CALIBRATION EQUIPMENT

gptema ili materijal ) Oznaka Namjena Proizvodaé
quipment or material Label Purpose Manufacturer
Certificirani referentni plin 0 M
nd e p RPI-CEHE1.5 gvor rof:;euznog plina. or
Sustav za dobivanje nultog zraka lzvor nuitog plina. 7
UM-GNZ1 Horiba

Zero gas generator Source of the zero gas.
Referentni kalibrator Jedinica za mije$anje plinova. g

G UM-KAL2 g Horiba
Reference difution umt Gas dilution unit.
Termohi ta } j i i
Tcmn -Ihgm. 1;, UM-THM1 :ﬁ‘;erenje tzr:)\?:’rature i viaznosti G Rensa
Tlakomjer Mjerenje tlaka. Wit
Pressure gauge DM-TLI Measurement of pressure.

3. MJERNA SLJEDIVOST /| MEASUREMENT TRACEABILITY

Oprema ili materijal Umjerni laboratorij Broj i datum certifikata

Equipment or material Calibration laboratory Number and date of the certificale

Certificirani referentni plin Hungarian Meteorological : : 19.1 1

Certified reh poe Servi Calibration Certificate No.155/2019, 19.6.2019.
Referentni kalibrator . o Certificate of Calibration 6013-KL-M0074-19, 30.1.2019.
Reference dilution unit Ceskj metrologicky institut | o ycare of Calibration 6013-KL-M0O75-18, 30.1.2019.

4, UVJETI OKOLISA | AMBIENT CONDITIONS

Temperatura zraka / Air Temperature: 23+2°C
Relativna viaznost zraka [ Relative Humidity of Air: 4415%
Tlak / Pressure: 1008 t S hPa
5. BAZNA OSJETLJIVOST /| BASE SENSITIVITY
PRIJE UGADANJA / NAKON UGADANJA /
BEFORE ADJUSTMENT AFTER ADJUSTMENT
B.S. 2517,00 4716,55

6. UGADANJE/ ADJUSTMENT

Ugadanije analizatora provedeno je pri ¢(CsHe)= 40,0 pg/m? (12,3 nmolimol).
Adjustment of the analyzer is provided at c{CeHs)= 40,0 ug/m® (12,3 nmol/mol).

eLAB-PU-100.0b2/izd.1 |

http:fiwww.ekonerg-laboratonij.com/ l stranica

1-02-3024/19 |

Potvrda o umjeravanju br. / Calibration certificate no. 158/2019 |

214
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7. REZULTATI UMJERAVANJA/ CALIBRATION RESULTS - EKONERG
c,ref / yg/m’ c,an / pgim* Ac,an / ug/m? U,ref / pg/m*
0,0 0,0 0,0 0,0 0,2
5,0 49 -0,1 0,1 0,1
30,0 30,5 0,5 18 18
40,0 40,6 0,6 24 2,4
48,1 49,8 1,7 2,8 2,9

¢ ~ koncentracija referentnog plina / reference gas concentration

Can — koncentracija plina koju pokazuje analizator / gas concentration indicated by analyzer

Ac - odstupanje analizatora / deviation of the analyzer

Uree - prodirena mjerna nesigurnost umjeravanja referentnog plina / expanded measurement uncertainty of reference gas
U.. - proSirena mjerna nesigurnost anakizatora / expanded measurement uncertainty of analyzer

“nmol/mol uz usvojenu pretpostavku idealnog plina odgovara ppbv

*nmol/mol with the assumption of ideal gas corresponds to ppbv

faktor pretvorbe/conversion factor: 1 ppb = 1 nmol/mol = 3,24 pg/m®

Rezultati se odnose samo na umjereni analizator,
The results are related only to calibrated analyzer.

8. PROVJERA KARAKTERISTIKA /| PERFORMANCE CHARACTERISTICS TESTS

m‘ Rezultat
norme HRN provjere Granice
EN 14662-3 Oznaka Karakteristika (um* il %) prihvatijivosti Sukladnost
Number Symbol Characteristic Result of the Acceptance Compliance
‘&;M"’:'G:. check limits
N 14662:3 i)
ponavijivost na 1/10 GV (0,5
1 S pgim’) 0,02 0,20 ugm*
- ility at 0.5 pg/m*
ponovijivost na graniéno
2 Srat vrijednosti 0,05 s 0,25 pgm?
L repeatability at limit value
nelinearnost, najvece
3 f - odstupanje 1,0% £50%
lack of fit, largest residual
formula
granica detekcije
(3) lor detection limit 0,06 NA
kratkotrajni odmak na
11 Ds.s rasponu 0,13 s 2,0 pgm?
short term arifis_gan value

ZAKLJUCAK / CONCLUSION

Analizator zadovoljava granice prihvatljivosti definirane normom HRN EN 14662-3:2015.
Analyzer complies with the acceptance limits according to EN 14662-3:2015,

elLAB-PU-100.0b2/izd.1 | _ httpzwww.ekonerg-laboratorij. com/ I Stranica

"1-02-3024/19 | Potvrda o umjeravanju br. / Calibration certificate no, 158/2019 | 3/4
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9. ODZIV ANALIZATORA | ANALYZER RESPONSE

EKONERG
7 3
( Odziv analizatora

- Analyser response

50
E
E
@«
g
g
2
230
~
2 y =0,9712x + 0,1818
g R? = 0,9997
T2

10

0

0 10 20 30 40 50 60
CeHs mjereno / measured (pug/m?)
L !

10. MJERNA NESIGURNOST /| MEASUREMENT UNCERTAINTY

lzrazena prodirena mjerna nesigurmost umjeravanja prikazana je kao umno2ak sastavijene mjerne nesigurnosti | faktora pokrivanja
k=2, koji u slu¢aju normalne razdiobe odgovara priblizno 95%-tnoj vjerojatnosti pokrivanja. Sastavliena mjerna nesigurnost odredena
je u skladu s EA-4/02.

The reported expanded measurement uncertainty is stated as combined standard uncertainty multipiied by coverage factor k=2
which for a normal distribution corresponds to a coverage probability of approximately 95%. The standard measurement uncertainty
has been determinated in accordance with EA-4/02.

11. NAPOMENA /| NOTE

Korisnik analizatora odgovoran je umjeravati ga u prikladnim vremenskim razmacima.
The user is obligated to have the analyzer recalibrated at appropriate intervals.

cmemmnnannnnnnnnnneenns K@] POtvrde O umjeravanju (end of calibration certificate) -----—-—-———--—-
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Iztituka Superiore per la Protezione ¢ Ricerca &Am

lonk=l

Arca Metrologia

ISFEA

Personf=] respensible

ISPRA

dr. Damiano Centioli

C:onkack c-mail=:
—

Telephone conkact:

Jami inli ki .

+ 30650073214, + 30650073227

Characteristic of yvour BTEX analyser

Trademark DRIOMN E.r.L/SE
[odel: Oirign BT 20000 ER] SE10C
Version:

Sear of manufacture:

EIIII:IE-I

Helium Flitregen Hudrogen| Carkan dicd &ir
Carrier gas: Xoyes
Other gases used: woges
Dperating system: | windcws
Cycle time, min: 239 + 1 min standby
Ad=sarbent material: TEH&H GF,
Sampling control pump
Sampling temperature, ' ambicnt
Sample wolume, mi
Mumber of adsorbent tubsg 1
Desorption temperature,
Dezorption time, sec
Desarption How, mlimin
Cryc-trap detail
Trapping temperature, 'C 35
Dezarption kemperature, "G 200 Dezorption kims, sc 210
Diezarption flow, mlfmin 20 zplit flow, mlimin
Stripper column
Bnalytical column packed RESTEK cat.df 50123
phazse: 5% BT120005% Bentone on 100120 Eilcoport
length, m: 2
diameter [10] mim: 2
thickness [pm):

analytical conditions:

T = 50'C hald Far 23 min

Traceability of vour calibration Standard

Certificdreference material [GH

gazeous CRM according 1206142 by S1AD E.p A

Certified by EIAD E.p.A. accredited calibration lab n, LAT 143
Certified number: GOS5519 250052013

Cﬂmpﬂund on=cntraktion, ppk imolfmoE <panded Unzerkainty, sppbk{molimaol
Eenzens 595 0.20

Toluens 53.95 0.2

Ethyl-benzens 395 0.25

m-=ylens 10,01 0.41

p-Xylene 3,33 0,37

o-ylene 10 055

Other methods

Dilution of CHRM

FlA® ak nominal concentration 400 ppb diluted by ORIOMN QG02000
dilution zystem calibrated by aceredited lab n, LAT n. 153

Static Injection

Fermeation

Additinnal comm s ks

"R by S1AD Ep.A. Certified number: 14474 [nok accredited]
Concentration ppb: benzene 410 £32 | taluene 335 £31, Ethyl-benzene 4032352, m-xylene 3322731,
poxylens 331 231, o-xulene 3355
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Details on how you have calculated your analytical uncertainties from your calibration

Uncertainty calculated for each concetration value by hamemade excel
spreadsheet using metrological approcach in according to EN14662-3; the
following contributicons were taken into account: standard uncertainty for
repeatability at span and 10% of limit value, standard uncertainty for lack of
fit, standard uncertainty of calibration gas, standard uncertainty for carry
over, standard uncertainty for short term drift of span during interconparison
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:@S’ﬂn Centro di Taratura LAT N° 143 5&%

Calibration Centre e
Lataraiono di Matrologia. . \ ) 5 )
S5 525del Brembo, 1 Laboratorio Accreditato di Eﬁg
24040 Dsia Sopra (BG) Taratura i LAT 15 142
e-mail: ncercai@siadeu
Mg ffewawsiad.eu
Pagina 1 dl 3
Page 1d2
CERTIFICATO DI TARATURA LAT 143 GD35519
Certificate of Caiibration
- data di emissicne 2018-05-23 Il presente cerificalo di faratura & emesso in
. e base alfaccreddamento LAT N° 143 rilasciale in
ISPRA IST SUB,PEOT RIC AM VLA CAf accondo @&l decreli atlualivi della legge n.
D044 ROMA Rk 2731891 ehe ha istituile il Sistema Mazionale di
- destinataric - Taratura (SNT). ACCREDIA atiesta be capacita di
reae misura & df taratura, le competanze metologiche
- Rctila RF 238002 del Centro e la riferibilith delle tarature esaguite ai
-in data 2019-04-19 campioni razienall e inlernazionall delle wnitd di
date misura del Sistema inlemazionals delle Unita (513
81 nlgrisce Quesio cedificato non pud sssere dprodotio in
rgTing ie modo parziaie, salvo espressa autorizzazions
- 0ggEn Miscela Gassosa: 150 6142-1:2015 scritta da pane del Centro,
it Classe 1
- cosint A, - g
mmul‘& BIAD S p A, - Cenlro LAT M® 143 This eqrifficats of s i & b ———
= modalio G-CGM ihe sccrediialian LAT N° 743 gramad accoming o
moTal dacrées gonnecled with Malan lpw No Z7209091 winch
- matrieola 260420 has  astahishod the  Natonsl Calbvation  Syslem
Earsl Almmber ACCHEDMA aftesls the calbvadion pod massurament
- data ¢i ncevimenlo oggetio - caprbily, e metroiogical campeleace of the Corime ang
date of recepd of dam g (raceshifly of coibation mesulls lo Me navona! and
- gala dedle misure 21 9-05.16 infamadional standards of the infeebansl Sysem af
dlm_ofmmﬂ Units (51). This carificale may nat be  padially
- ragistro di [aboratorio 058 raproduced, ascepl willh the prior witgn parmission of
faboralory refemace I issinng Canfe

I risultali ¢ misura dportati nel presente Certilicato sono stali oltenuli applicande s procedure di tarstura citate alla pagina
seguente, dove sono specificati anche | campioni o gl strumenti che garanliscono la catena di rferbilits del Cenlre @ i
rispittivi cerificati di taralera in corso di validita, Essi si rdferiscens escusivamente all'oggetto in larsiura & sono validi nel
momenio a nelle congizioni di taralura. salva diversamenta specificala.

The moasunement resulls neported in thiz Corificale were abfained falawing e Colbrfon procedures given in fhe fofosing page. where the
ralaEnce standims or mstuments s indicated which guamnales ihe faceatily chain of the iabormtary, and e relaled coflimiion cerffcates
in the coerse of walidily are indicated e well Thay roiate onfy 1o e eabbosled fam and ey ane waid for M me and comdioeis of Gl
LrveEeE olfarwite spicifed.

Le incerezze di misura dichiarate in quesio documenio sono state determinate conformements alla Guida 1SONEC 98 ¢ al
docurnents EA-M0Z, Solilamente sono espresse come incererza estésa ottenula moltiphicando lincerlazza tipo per il laflors
di copertura k comspondente ad un livello di fiducia di circa il 35%. Normalimenie tale faliore & vale 2.

The maaswemen! unoerimmbies stnad in s gacument hsve bean detamined rocombng fo e (SOOEC Guide 85 and fo EALOZ Lisualy, they

frave boen estimaled as gepanded uncersinty ohisned mulliphing the slanderd incadamty by the coverage faclor & eoresponding fo a
confidencs favel of abouf B5% Mormadl, shis factor & is 2.

Direzione lecnica
Approving Officer

Ing. Georgio Byzsclotii
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Participating Laborator

Bir Quality Section, Department of Labaour Ins

Acronym AL 0L DLI
Fersonjs] responsible Chriztos Kizas & Christos Papadopoulas
Contact e-mails: L.mlzi Lml=i
Telephone contact: O0357-22-405674, 00357-22-405653

Characteristic of vour BTEX analyser
Trademark Chromatotec
Madel: airmovOC[ETER]
Version:
“'ear of manufacture: 201]

Helium Mitrogen | Hydrogen | Carbon dicesid Air

Carrier gas: yes
Other gazes uzed: ez
Operating system: 11 PAS-windows
Cucle time, min: 15

Sdsorbent material:

TEMAK GR, Carbopack B, CARBOPACK », CARBOFPACE C

Sampling contral

critical arifice

Sampling temperature, 'C ambient
Sample valume, ml 45235
Mumber af adzorbent tubes 1
Desarption temperature, ™ | 380
Desorption time, sec 120
Desarption Haw , miimin

Cruc—trap detail

N

Trapping temperature, =

Desorption temperature, 'C

Dezorption time, 5

De=arption How, mitmin

=plit Flovw, mitmin

Stripper column

Bnalutical calumn MAT 30 CE
phasze:
length, m: an
diameter [I0] mm: 0.28
thickness [pm]: 1

analutical conditions:

IGTETT 5= = T

= TG IO o aTTET g s ], T A TS0 T TG 27|
mitmin

Traceahility of your calibration Standard

Certified reference material [C

W5SL Primary Reference Gas Migture [BETER in nitrogen)

Certified bu W51, Dutch Metrology Institute
Certified number: C1336210,04

|:DIT||3DL-II'|E| Concentration, ppb [molimel Expanded Uncertainty, tppbimolimal]
Benzene B85 10 ma rmal 20 5 10r* malimol
Toluene B33 % 10 ma kme| 20 3% 10 malimol
Ethul-benzene B2 5 10 ma bme | 215 10 malimal
m-Xulens BES % 10 ma kmo| 20 3 10 malimaol
p-sylene BE2 5 10 ma lbme | 20 5 10 malimal
o-Xulene B2E 5 10 ma lbme | 215 10 malimal

Other methods

Oilution of CEM

4

Sabio 4010, Range:~1- 20 ppb
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DLI

CERTIFICATE

Number C1336210.04
Page 1 of 3

Reference material of BTEX in nitrogen

Description Primary reference gas mixture (PRM), cylinder number APEX1223926.
The cylinder contains a mixture of BTEX in nitrogen.
The PRM is contained in a passivated aluminium cylinder. The cylinder has a
water volume of 5 L and is pressurized to 12.1 MPa.
Cylinder outlet conforms to DIN 1 specifications.

Method of Gravimetric preparation in accordance with I1SO 6142-1:2015.
C preparation
Result The results are presented on page 2.

The reported uncertainty of measurement is based on the standard uncertainty
multiplied by a coverage factor k = 2, which for a normal distribution
corresponds to a coverage probability of approximately 95 %. The standard
uncertainty of measurement has been determined in accordance with the GUM
‘Evaluation of measurement data - Guide to the expression of uncertainty in

measurement’.
Traceability The values on this certificate are traceable to VSL Primary Standards.
Safety The cylinder should be handled with care and by experienced personnel in a
information laboratory environment suitably equipped for the safe handling of gaseous
materials.
Instructions for The gas mixture can be used to validate and/or calibrate analytical methods and
use equipment.

Do not use the cylinder in case the cylinder pressure is below 1 MPa.
Further instructions regarding the handling of calibration gases can be found in
1SO 16664:2017.

Expiry date This certificate is valid until 7 October 2020.

Delft, 27 November 2017

VSL B.V.
e

% AT i

B o !

J.L.T. van Wijk (B

Senior Metrologist

VSL B.V. This certificate is issued under the provision that no liability is
Thijsseweg 11, 2629 JA Delft (NL) accepted and that the applicant gives warranty for each
P.0. Box 654, 2600 AR Delft (NL) responsibility against third parties.

T +3115269 1500 Reproduction of the complate certificate is permitted. Parts of this
F +31152612971 certificate may only be reproduced after written permission.

Details on how you have calculated your analytical uncertainties from your calibration data

The uncertainties were calculated as follows:

- Using a home made software (excel worksheet) we calculated the uncertainty
due to dilution. This includes the uncertainty of the gas standard, the
uncertainty of the primary flow-meter used for the calibration of the Mass
Flow Controllers of the Calibrator (Sabio 4010), the uncertainties of the MFCs
etc.

- To calculate the final uncertainty we introduce the above uncertainty into a
home made software (excel worksheet) prepared according to the requirements of
the EN 14662-3: 2015.
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Characteristic of yvour BTEX analyser

Trademark

Syntech Spectras

Madel:

GC355-601

Version:

GIOS

“ear of manufacture:

201]

Helium Mitrogen

Carrier gas:

= yes

Hydrogen| Carbon dicgif Air

Cither gases used:

yes

Clperating system:

‘Windows

Cucle time, min:

15 min

Sdzorbent material:

TEMAX GR

Sampling control

Fiston - pump

Sampling temperature, 'C

Ambient temperature

Sample valume, ml

35

Mumber of adsorbent tubes 1

Dezorption temperature,

120

Dezorption time, sec

26

Dezorption How , miimin

15

Cryc-trap detail

Trapping temperature, =

Dezarption temperature, =

De=arpti

on time, se

Dezarption Flow, mitmin

split Flow

, mitmin

Stripper column

Sh-6

18m, 0.32 mm 10, 1 pm Film, 2m,

Bralytical column

Syn=spec

phaze:

length, m:

12

diameter [I0] mm:

.32

thickness [pm]:

1

analutizal conditions:

B0 [1-3min], 10°CArmin, 70°C [5-12min],-& CAmin 507012 5-15min)

Traceahility of your calibration Standard

Certified reference material [C AirLiqude
Certified by AirLiqude
Certified number: A51ZB1T015
Compound Concenkration, ppb [malfmaol Expanded Uncertainty, tppbimalimal]
Benzens 1142.00 57.00
Toluene 1184.00 L
Ethul-benzenes 1274 127
m+p-Xulens 1200 120.00
1218 122
o-Hulene 1232 123
Other methods
Dilution of CEM MCZ CGM2000

Static Injection
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A——I—H GIOS

TEST REPORT

AR LIGUIDE Dewtachland GmbH
Bataverstrasse 47
47808 KREFELD

Deteremination of ':-aH, t.'.‘n.u. CrHa, } Cartificate Nu.
CiHin, TeHw  and CeHsw i AIR 512517018

Customer - Date of receipt:
AR LIDUIDE POLSKA SP Z0OD I.07. 2017

Al Pilsusdekiegn 82
Lﬂ_.'l-ED-EI DAR A GORMICZA

Test FspoT aoo. W

| piN gN 1SOMEC 17035

Test item:
1 Aluminium pas eylinder {11 L), Cylindar No, : 1048

Test Parameter(s) Test Method:
Dwtermination of

BENZEME 1,00 Mokpam GAS CHEODMATOGRAPHYFID
ETHYL BEMZEME 1,90 Mol-ppm  GAS-CHROMATOGRAPHY-FID
TOLUENE 1L10 Wolppm  GAS-CHAOMATOGRAPHY-FID
I X YLEME 1,90 Molpam  GAS-CHRADMATOERAPHY-FID
O-XYLENE 140 Molppm  GAS-CHROMATOGRAPHY-FID
BXYLEME 1,10 Molgpm  GAS-CHROMATOGRAPHY-FID
SANMPLING

Gas Withdrawal by Pressura Reducer [ Needla Valve

ATTACHMENTS
Ui Liguide Cenificate of Analysis

Durch dis DAKKS Deutsche Akkreditiarungssialle GmbH A
aikkrecitiares Priflaboratoriom DA]{k-S
[He Akkrediterung gitt fir die in der Urkunde e - Daviadhe

- - Bicgrerd fisngutete
sufgalibrien Prifverfahian [ BT

Tes Bty Me.: 9012519018 slaved 11082017 PAGEY OF 3
“Nn rapradecsion,sosepl i Tilwitoes he veRien approval of the ssaing mborsioey (A LIJOIDOE Dautachivd GmbHl
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Farticipating Laborator Wlaam=e Milieumaatschappij

ACronym il VMM
Fersan(s] responsible Jan Petré, Tine Fierens
Contact e-mails: P ' '
Telephone contact: 003232166108
Characteristic of vour BTEX analyser
Trademark Chromatatec
Madel: &irmo ETEX
Yersion: Mcertz-221022
“ear of manufacture: 201a]
Helium Mitrogen| Hydrogen | Carbon diowi] Air
Carrier gas: no no yes no yes
Other gases used:
Clperating system: 11 ‘wWin ¥ embedded
Cucle time, mir; 15 min
Ad=zarbent material: 2 phases CE
Sampling control zampling pump, critical orifice 76 pm
Sampling temperature, 'C ambient temp
Sample valume, mi +1- 450 ml
Mumber of adsarbent tubes 1
Desorption temperature, B0C
Dezorption time, sec 120 sec
Dezorption low, mifmin 3-4 mifmin
Cryo-trap detail
Trapping temperature, 'C
Dezarption temperature, 'C Dezorption time, s&
Dezarption Flow, mlfmin zplit Flow, milfmin
Stripper column
Bnalytical column MTER 20 CE
phaze:
length, m: 30 m
diameter [I0] mm: [ 0.28 mm
thickness [pml: | 1pm
AT 3 90 T gQradrent £ oy, aureatmon e ses |
analytical conditions: Final ternp 45-» 165'C, gradient 15'fmin, duration 480 sec

Traceahility of your calibration Standard

Certified reference material [Iﬂsgitem PAF Cair 10 =lfmin, MFChbtes 100 smiimin] from certified high concen

Certified by YRARA-lab: certified standard and dilution system
Certified number:

Compound Concentration, ppb [molimel Expanded Uncertainty, tppbimalimal]
Benzene 4.89

Taluene 4.89

Ethul-benzene 4917

m+p-Xulens 4245

o-Zulens 4917

Other methods

Oilution of CHM 1 AirJrate, 400 ppb dilution system
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Details on how you have calculated your analytical uncertainties from your calibrati

Measurement uncertainties were calculated according to EN 14662-3. T
following items were included among other things:

- Uncertainty of reference standards/primary gas mixture (see also certificate
of calibration):;

- Uncertainty of travelling standard;

- Uncertainty of BTEX analyzer.

The expanded uncertainty (U) equals two times the combined uncertainty (u).

NATIONAL PHYSICAL LABORATORY

Teddington Middlesex UK TW11 0LW Telephone +44 20 8977 3222

NPL PRIMARY REFERENCE MATERIAL

Cylinder Number: D994146R
(s cartihicate 15 ssoued 1 accordance with the wbaratory accraditatan raguwvaments of he Luled hlm m Accraditancn Senaca. It
vondes raceshity of ot 10 tha ST systam of unvts anaor wnirs of maasuremant raabsed at the )

ov other recogmsed mevongy nshtutes, This covtificate may not He repvoaiced athar han o7 AW, §xcapt With The prioy wr ':m
appvoval of the ssuing lbarsiory.
CUSTOMER: Flanders Environment Agency (VMM)
ADDRESS: Viaemse Milicumaatschappij. Afdeling Lucht, Milicu en Communicatie,
Kronenburgstraat 45 bus B3, 2000 Antwerpen, Belgium
CALIBRATION DATE: 11 January 2018
AMOUNT FRACTIONS:
Cinisenbat Amount fraction
o / (nmol'mol)
Benzene 2057442
Toluene 066
Ethylbenzene 2076
m-xylene + p-xylene 2047
o-xylene 200z6
1.2-dichlorocthane 20010
Nitrogen Balance
The reported expanded uncertaintics are based on Jard uncertai Itiplied by a coverage factor &~ 2, providing a
coverage peobubslity of approximately 95 % The uncertainty evaluation has hcm carried out in accordance with UKAS
requirements.
METHODS: Preparation: gravimetry; Analysis: gas chromatography (FID and MS)
TRACEABILITY: The values on this certificate are traceable to NPL Primary Standards
EXPIRY: Certificate valid for 2 years from the date of issue
NPL cannot guarantee the stability of 1 2-dichloroethane
PRESSURE: Fill pressure: 100 bar; Minimum utilisation pressure: 10 bar
STORAGE: No special precautions are required
HANDLING: Refer to 1SO 16664
OUTLET: DIN 477 No. | valve

INTENDED USE: Calibration standard

Reference: 2017090132 Date of issue: |7 January 2018

Sizned f (Authorised Signatory)

Dr 71 Brcww (on behalf of NPLML)
Checked by: / Page 1 of |
4 // l’ t vl {
/
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Farticipating Laborator

EP& reland

Acronym

EPA EPA

Ferson|s] responsible

K.evin Delaney, Joe Beilly

Contact e-mails:

CSslaneyiepaic dhutemena]

Telephone contact:

Characteristic of vour BTEX analvser

Trademark

Syntech

Maodel:

Syntech GCA55

Version:

E00

“'ear of manufacture:

2003

Helium Mitrogen | Hydrogen | Carbon dicgil Air

Carrier gas:

yes

ther gases used:

Operating system:

‘Windows P

Cucle time, min:

15 min

Hdzorbent material:

Tenax GR350

Sampling control

sample pumplpiston pump

Sampling temperature, 'C

Ambisnt

Sample valume, ml

210

MNumber of adsarbent tubes

1

Dezorption temperature,

120

Deszorption time, sec

B0

Dezorption faw . mlimin

1.5

Cryo-trap detail

na

Trapping temperature, '

De=orption temperature, =

Dezorption time, s&

Dle=sorption How, mifmin

=plit How, mitmin

Stripper column

Length 2m. Same as the analytical column.

Bnalytical column

Altech - pin:13F10, AT-5

phase: [52¢ Phenyl]-952 Methylpolysilotans
l=ngth, m: 13
diameter [I0] mm: 032
thickness [pm]: 1.0

analutical conditions:

Initial Temp of 45°C, hald for 4 mins. Famp bo 8005 over the neqt B.5mins.
Hold at 80°C For 1 min. Feturn to 45°C.

Traceahility of your calibration Standard

Certitied reference material [ Gas Mizture
Certified bu MEL
Certitied number: 2013010331
|:DIT||3DL-II'|E| Concentration, ppb [malimel Expanded Uncertainty, sppb(melimal]
Benzenes 9.28 0.20
Taluens 261 0.25
Ethul-benzenes 1023 0.26
m+p-=ulene 20.2 0.0
o-Fulene 2.94 0.25
Other methods

Dilution of CEM 1 na
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NATIONAL PHYSICAL LABORATORY EPA

Teadngton Middiesex UK TW11 OLW Telephone +34 20 8977 3222

Certificate of Calibration

NPL PRIMARY REFERENCE MATERIAL e
Cylinder Number: D386627R
TRy sty & SSutd o8 ANGANTOY Wi v ASONTOY SCTTRAIITON MOt OF Me Uit Kopaoen Acoreasation Ssoves. Y

ANIrNsR Bacaatainy oF sowan igrrtt A0 0% ST s o8 TS MUY 1D Lrats of Teemeamen! renksad 27 1h0 FARSOTNE Oty s’ Labceat "
OV AN TEOOOG S NSO Ry aatldites  Thas Sermfzays mgw Nof O OVotusa aéher e o A CUOODT WYY The DY YT

AZENTIVN OF e Ry WSEYIOYY

CUSTOMER: Environmental Protection Agency
ADDRESS: Seville Lodge. Callan Rood, Kilkenny, Ireland
CALIBRATION DATE: 21 May 2019

AMOUNT FRACTIONS:

Q Amount fraction
Component ! (nmelimol)
Benzerse 9,58 + 020
Toluene 9.61 £ 025
Ethyibenzene 039+ 026
mexylene + pxyikne 20.2 2 06
o-xylene 994 = 025
Nﬂjpl Balance

The repantad expanded uncertainties are bused on standard uncertaintios multipled by a coverage
Lactor & = 2. peosidling n converage probahility of spproximately 93 %, The uncertainty evaluation
has been camied 0wt in sccordance with UKAS reguirements.

METHODS: Preparstion: gravimetry: Analysis: gas chromatography (FID)
TRACEABILITY: The values on this certificate are traceshle to NPL Primary Standards
EXPIRY: Certificate valid for 2 years from the date of issue

PRESSURE: Fill pressure: 115 bar; Minimum utilisation pressure: 10 har
STORAGE: No special precautions are required

HANDLING: Refer to [SO 6664

OUTLET: DIN 477 No. 1 valve

INTENDED USE: Culibration standard

Reference: 2019010381 Date of ssue: 24 May 2019
Signed: (Authonsed Signatory)
Name: Dr R JC Brown {on behalf of NFLML)

Checked by: {1, 4l Page 1 of 1

A TOACAN 3 caeny WA MY CIVOAYES 100 A ot ot Aoperstiy © of the MAA rawn 4D 2y
% e G U Oy M AA ) Danovtng aamuier /ecogmve s Ny oF 000D 0Mer s celrenon and
. Mwisiriamany Corthicatar fov 1He QUATITNS AM00S 40 (TNASTETTATT GreemmTier Aoecised O Appeods

CIPM MRA (70 QeRY sae M0 vy D ongt
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Participating Laboratory

Ricardo Energy & Erwiranment

Acronym

REE

Perzonlz] responsible

James Dernie + Luke Doman

REE

Contact e-mails:

: emiePrcard

Telephone contact:

01235 75 3643

Characieristic of your BTEX analyser

Trademark
Model: Enwironnement WOCTIM
Version: MA
Tear of mamfachore: 2005|
Helium Mitrogen [ Hudragen| Carban diosig Sir
Carrier gZas: yes
Other gases usad:
Operating system: '1 Windows
Cyecle tume, nun: 15
A dsorhent material: Trap - Carbotrap, Focusing tube - Carbopack B
Sampling control Internal trap with critical orifice
Sampling temperatare, °C Ambient
Sample vobume, ml 1050
Humber of adsorbent tubes 2
Desorption temperature, © 350
Desorption time, sec 180
Desorption floser, mmlimun 1
Cryo-trap detal CarboPack %
Trapping temperature, 'C 32
Dezorption temperature, 'C 350 Dezorption time, sed 3
De=arption Haw , mimin 1 zplit Fflow , mlfmin
Stripper cobumn
Analytical cobimn Supalco SPEG24
phase: Proprietry, bonded
length, m: 13
diameter (IIV] mm: 0.32
thickness [pm]: 15
analrtical conditions:

Traceahility of your calihration Standard

Certified reference material [CRM MNPL

Certified by MNPL

Certifled mumber:

Compound Concentration, ppb [molfmol][  Expanded Uncertainky, +ppb[molimal)
Benzane 4.00 0.05

Tohene 4.00 0.05
Ethvl-benz=ns 4,00 0.03
+p-Zylens 5.00 076

o-Z ylens 4.00 0.05
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4% NATIONAL PHYSICAL LABORATORY EE
.\. :J :.. Teddington Middlesex UK YW OLW Telophore +64 20 8997 3222
&) Certificate of Calibration

= NPL PRIMARY REFERENCE MATERIAL -

Cylinder Number: DI3STS3R

They cow U0 4 (S8000 3 3200000 Wil M8 ALONMINY S0casaItion rapwnments o tve Unte! Krpaom Actrntisiun Sows ¥
INOvies oecoatwry of manss ey 1o e 50 mpatern of Uiy et 1D Lt oF MOsun i iedd eSO oF 190 AQVONW Ay’ Labonmoy
o oy ecograes nasona’ MR gy NAVTTES. TIVS ComiBicas may Aor O nepaachucay’ nner rhan Al macaey with the oo veevtian
A0V OF e 1as5ing Abovasory ‘

CUSTOMER: Ricardo - AEA Lud
ADDRESS: The Gemiri Buikbisg, Fermi Avesoe, Harwell, Oxfoedshire, OX 11 OOR,
u inasd
CALIBRATION DATE: 03 Manch 2019
AMOUNT FRACTIONS:
Areosnt frection Amsunt fractien
— ! st el Oponent ! (mebmel) |
Lthem a0 = wle 2-mseilyylpenitme a4 « DAL
Lo 3N = o Hexane 414 « ol
Pripare 3% = am Larpeonc al1r 0w
Peopens s+ 0o Hoptane 415 om
2.mehyipropans a2 = ol Berwoone 392 « 2.0
Mene A%t 008 | 2Z4-anmethylpotiase 350 o oy
Lhyoe ’ 413 ¢ 02 Quune 35 =« o
deans- bt -2-0ne 4 = nns Tuksene 331 =+ Q10
Bur-)-me N = 0nls Efeyberome 412 4 ol
asbur-2-cm I = NOK | ovxylene + pxslese 01 4 o2l
2.metyhwane LR AT nog o-xylere it oe
Pentane IS = 00K 1) Smindiglbanme | 306 - 010
1.3 bouad leeo 408 = 009 | 1,2 4-trimethylbatane I8 = ol
frads. pen |- 2«00 AR 2 008 | 1,2, -tnimscthylboracne I = ol
Penl | -eoe 408 &« 00 Nitragen Bodince

The reported expanded uncenaintics are besod on standard uncectainties multiphied by a covermgy Bactor & = 2,
providing 3 covenge probaisdity of approximately 95 % The uncertainty evaluation has been carmiad ot in
accordunce with UKAS requirements,

METHODS: Preparation: gravimetry: Amalysis: gas chromatography (FID)
TRACEABILITY: The values on @ds contificate are tmeeable 10 NPL Prmery Stondards
EXPIRY: Certificate vabid for 2 years from the date ol ssue

FRESSURE: Fill pressses: 120 har, Missnam utilisation peesaure: 10 bar
STORAGE: No specsal procautinns are roguired

HANDLING: Refier 10 150 16664

OUTLET: DN 277 No. | valve

INTENDED USE: Calihrtion stamlsed

Reference: 20180703442 Date of isswes 15 March 2010
Signed: . (Asthonsed Sgratory)
Name; Drid (oa betall of NPLML)
Checkedby: M. Poge 1 of 1
TINS OOVATION0 & 20055 WY M Canstainas Tt sre Ankisdnd o Appencdy C of e MRA dawn ur &y
m e CVM Drier e MRA 2 pacdcawing wsiridas e M0 oAy oF 0O oMar’s calvance g
4 IORRRSMaET 000G AV MY QATTINDS, MINJOS 470 SUEPFunmeny uncasamass mecviad n Appencie £

IPM MRA (57 Jeravs ans X Swaw b ongd
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Participating Laboratory ]F'.mbient air kesting laboratory, Croatian hudromete—— L -
Acronym d LIKE LIKZ
Ferson|=] responsible Lawra Hrust
Contack e-mails: hrustimgings dha b
Telephone contack: r +3309146ERERE

Characteristic of vour BTEX analyvser
Trademark Chromatatec
Madel: GC 266 FID airmoy0C
Version: BTEX [Maodel A21022]
“'ear of manufacture: 201

Helium Mitrogen| Hydrogen | Carbon diosi| Air

Carrier gaz: "
Dther gaszes used: b
Dperating sustem: 1 Windows 7
Cycle time, min: 15
Bdzarbent material: CARBOTRAFR
Sampling contral ntrol unik [=ample volume calculated] with one critical orifice, linked to a =ay
Sampling temperature, C ambient
Sample valume, ml calculated, apps. 426mil
Mumber af adsorbent tubes —
Dezarption temperature, 360°C
Dezorption time, sec 120
Dezarption How , miimin —

Cruo-trap detail —

Trapping temperature, 'C —

Desorption temperature, = — Dlesarption time, sed —
Desarption How, mitmin — =plit Flow, mimin —
Stripper column —
Bnalutical calumn MAST 20 KE
phasze: solid
length, m: 30
diameter [I0] mm: [0.25
thickness [pml: 1

analytical conditions:

Traceahility of your calibration Standard

Certified reference material [CHM Gas cylinder

Certified by Rlational Physical labaratary, LLE.
Certified number: DE00074

Compound Concentration, ppb [m-:hln'mn:-IE:-:pand-:d Uncertainty, tppblnmalimal
Benzens 1218 0.25

Taolusne 11.85 0.30
Ethul-benzens 12.81 0.33

m=ilEme 2430 0.70

p-#ulens

a-Xulene 12.26 0.31

Other methods

Dilution of CRM —

Static Imjection —

Fermeation —
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Details on how you have calculated your analytical uncertainties from your cal

Uncertainties were estimated based on previous research of instr

characteristics and using literature data from type approval of
instrument. For some values such as repeatability and linearity, it was
concluded that it is best to use linear equation to describe particular
partial uncertainty, i.e. there is a part not dependent on measured
concentration and dependent on measured concentration. All estimated
contributions due to various effects were added by using rule for combining
measurement uncertainties. Final combined measurement uncertainty was
reported, together with expanded uncertainty. For expanded uncertainty it
was assumed coverage factor of k=2, based on normal distribution and
coverage of 95% of probability of a result being in reported interval one

MNATIONAL PHYSICAL LABORATORY

Tadchrsgion Ml LB TV 0L Telaphane <44 20 8977 3322

Certificate of Calibration

NPL FRIMARY REFERENCE MATERIAL
Cylinder Mumber: D074

AR

CUSTOMER: Measer Croatia Plin d.a.0,
ADDRESS: Inlustrijska 1, HR, - 19290 Paprefas, Croatia
CALIBRATION DATE: 25 June J01E
AMOUNT FRACTIMNS:
Amnpant fractien
Compoaent S {mmwol'nenl}
Benzine 1214 = 024
Taluene 1185 = 0.3
Exhylhimeene 1281 = 033
m-avlene + p-xvlenc 245 £ 0.7
a-nyleie 1226 = .31
Mitrag Ralance

Tz pipsonimsd expanided uncerninties are hesed on standand wncertsinties malliplicd by & coerage
fcior &= 2, providieg a covemnge probability of appraximabely 95 %, The uscenainty evaliation
has been carried oul in accondance with UEAS requirements,

METHOE: Propamation: gravimelry: Analysis gis chromatography (FIDD
THRACEABILITY:  The values on this certificabe are irosahle o MPL Prirary Stesdands
EXPIRY: Certificate valid for 2 vears from the date of issue

FRESSUKRE: Fill pressure: 194 har; Minimun wilisstion pressure: 10 bar
STORAGE: Mo gpsictal precatians are nagaired

HANDLING: Refer 10 150 16664

DUTLET: DI 477 Ko, 1 valve

INTENDED USE:  Calihmation standard

Referemce: 201 BO2OG6E. Dhade of dzsmes 11 July 2018

Signeds 1L f oy (Authorised Signatary)
Mame: G P ) Brewer fom behalf of MPLML)

Cheeked by:

——
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Participating Laborator

Enwironmental protection Agency

Acronym

BAA

Fersan|s) responsible

AAA

J. Malis, B. Kubartas

Contact e-mail=:

Telephone contact:

+3T0EBE17E01, + 3YOESE17E04

Characteristic of vour BTEX analyser

Trademark AMA, Instruments

Madel: G 5000

Wersion: ET:

'ear of manufacture: 2017

Helium Mitrogen | Hydrogen | Carbion dicesi] Air

Carrier gas: H

Other gases used: H
Operating system: 11 Windows ¥
[ Cucle time, min: 30

Adzorbent material: Carbotrap
Sampling contral PumpfFC
Sampling temperature, 'C 30

Sample valume, ml 200

Mumber af adzarbent tubes 1

Dezorption temperature, © 230

Desarption time, sec 180

Dezorption Haw . mi'min

Cruo-trap detail

Trapping temperature, I

Desarption temperature, '

Desarption time, se

Dezorption low, miimin

split How, midmin

Stripper column

Bnalytical calumn AMAzep
phase:
l=ngth, m: 30
diameter [I0] mm: 0.32
thicknesz [pm: 15

analutical conditions:

A0°'C hald 3min., ramp 50°C - 13002 15 min, hold Smin.

Traceahility of your calibration Standard

Certified reference material [Z

ML

Certified by

MEL

Certified number:

121444515

Compound

Concentration, ppb [malima

Expanded Uncerkainky, sppbimalimal]

Benzens

4530

130

Toluene

4670

120

Ethul-benzene

m-Zulene

p-#ulens

o-mulene

Other methods

Dlilution of CRM

Umwelttechnik. MCZ GmbH

Oilution 35-12670 times
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Details on how you have calculated your analytical uncertainties from your calibrati

AAA
Un= Y¥(((Cnn,0-30 - Cavrg.)"2 + (Cn,30-60 - Cavrg.)”2 + (Cn,0-30 - Cav
+ 4 (un,0-30"2 + un,30-60"2 + un,60-90"2 )/3)
Un - expanded for stage.

u for concetration C incorporates :

Min reading /2

Zero reading

calibration gas: u$ calgas/100 x C

largest residual from linear regresion: Lres.%/100 x C/SQRT 3

L IFNiroiCAL
NS:.,:.,:.: \:A‘:dlmx UK r:nmw .:{:EORATOR

-‘Hm.,,,m
Certificate of Calibraﬁon ;'\%

NPL CALIBRATED GAS MIXTURE ;
Wy

Cylinder Number: 1214445¢;
- ordunce with the Bborsiony escroAMn rogiv
e cenicat® ‘”MW,:,:,«w«mszSIW:mmm.'whm:?u,mm“u’r&'::-.,m A )
prones sacogresmd Moo reavoisgy NI0NAEs. TS COrBICAT0 MIy AN Lo MDA oy gy = ‘;o""““l\‘»u':':'
::;d"’mw'm SN o !
P \
CUSTOMER: BOC Lud
ADDRESS: The Priestley Centre, The Surrey Research Pk, Guilifug

GU2 7XY, United Kingdom
CALIBRATION DATE: 06 February 2019

CERTIFIED AMOUNT FRACTIONS:

Amouat fraction
Component 7 (umel/mel)
Benzene 483z013
Toluene 4672012
Nitrogen Balance

The reporied expanded uscertainties are based oa standard quﬂdpwbv:‘m
W*‘lmwdin!lmppmb‘buluyohwmdy%wmw pussce
bas been carmied cut in sccordance with UKAS roquircmerss.

METHOD: Analysis: gas chromatography (FID) N
TRACEABILITY: The values on this certificate are tracesble to NPL PImEY
EXPIRY: NPL cannot guarantoe the stability of this mixtare

PRESSURE:  Minimum utilisation peessure: 10 ba

STORAGE: No special precautions are required

HANDLING:  Refer 10 1SO 16664

OUTLET:

DIN 477 No. 1 valve
INTENDED USE: Calibestion stndard

= /

poy
g Feee
Reference: 2018080263 Date of B2
(Authorised Signstoy)
Name: " o)
* DrPTBrewer (on behalf of NPLML) P

C‘N\M NAG,, ,

o
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b

Farticipating Laboratory OCMF Milieudienst Fijnmond

Acronym d OCcHA DCMR
Ferzon[z] responzible Edvan der Gaag

Cantact e-mails:

Telephone contact: 0031 (0] 1024636743

Characteristic of vour BTEX analyvser

Trademark

Environnement S8 [EMYEA)

Model:

VOCTEM

\ersion:

FID

“'ear of manufacture:

2017]

Helium Mitrogen | Hydrogen | Carbon dicwi] Air

Carrier gas:

no yes no no no

Cther gases used:

Cperating system: 11 android

Cucle time, min:

20

Hdzorbent material:

CARBOPACE

Sampling contral

ump, micro capillary ube

Sampling temperature, 'C

25

Sample volume, ml

220

Mumber of adsorbent tubes

Desarption temperature, ™

a0

Dezorption time, sec

<3dzec

Dezorption How, mifmin

Cruc-trap detail

Trapping temperature, ‘=

Dlesorption kemperature, "C

Desorption time, 5e

Diesarption Aow, milfmin

=plit Flow, mldmin

Sitripper column

Snalutical column

phase:

a-polar

l=ngth, m:

15

diameter [I0) mm:

0.25

thickneszz [pml:

analytical conditions:

20-170

Traceahility of your calibration Standard

Certified reference material [I:FI] YES, PEM

Certified by WL

Certified number: C12023010

I:c-mpn:-und Concentration, ppb [malimol Expanded Uncertainky, sppbimalimal)
EBenzene 12.00 050

Talusnes 12.00 0.5
Ethul-benzene 121 0.5

m+p-sulens 24 050

o-ulene 1.8 05
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Participatili Laboratory

OCMR Milieudienst Rijnmond

ACTORyE 4 DCMBE DCMR2
Fersan=] rezponsible Edvander Gaag

Contact e-mails:

Telephone contack: 003 (0] 102468673

Characteristic of yvour BTEX analyser

Trademark SRS instruments GmbH
Model: GCH000 BTH
Wersion: FID
~'ear af manufacture: 2017]
Helium Mitrogen| Hydrogen | Carbon dico Air
Carrier gas: H
Other gases used: H H
Operating system: 1 windows 7 [10]
Cucle time, min: 20
Adzorbent material: benax
Sampling control pump, MFC
Sampling temperature, 'C 30
Sample volume, ml 300
Mumber of adzorbent tubes 1
Desorption temperature,” 360
Desorption time, sec 1958

Deszorption How, mlimin

Cryo-trap detail

Trapping temperature, 'C

Desorption temperature, 'C

Desorption time, se

Desorption How, mifmin

=plit Flow,

milfmin

Stripper column

Analutical column

AP A=zep 1 - FUSED =ilica capillary

phase:
length, m: 30
diameter [I0] mm: 032
thickness [pml: 15

analutical conditions:

20-210

Traceahility of your calibration Standard

Certificd reference makerial [CRA "|"ES. FEr
Certified by WSL
Certified number: C1303010
Compound Concentration, ppb [mal!ma) Expanded Uncertainty, sppbimal!mal]
Benzene 12.00 0.50
Taluene 12.00 0.5
Ethul-benzens 121 0.5
m+p-Fulens 24 050
1.8 0.5

o-Fulene
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Vs

Dutch
Metrology
Institute

Deescription

Method of
preparation

Result

Traceability
Safety
information

Instructions
for use

Expiry date

DCMR
CERTIFIC]
Mumber C1303010
Page 1of 2
Reference material of BTEX in nitrogen
Primary reference gas mixture (PRM), cylinder number APEX1170581.
The cylinder contains a mixture of BTEX in nitrogen.
The PRM is contained in a passivated aluminium cylinder. The cylinder has a water
volume of 5 L and is pressurized to 11.6 MPa,
Cylinder outlet conforms to DIN 1 specifications.
Gravimetric preparation in accordance with 150 6142-1:2015.
[ Amount fraction | Uncertainty
Component [molimol] | [mol/mol] P
Benzene 120 = 107 | 0.5 % 10 ﬂl";;";  {pr*
Toluene 12.0 x 10° | 0.5 10° ' "'1 colpl?
o-xylene 11.8 % 107 | 05 & 10° APy et
ethylbenzene 12.1 % 10° | 0.5 % 10° [
m-xylene 11.9% 107 | 0.5 x 10¢
p-xylene 121 = 107 | 0.5 % 10

The reported uncertainty of measurement is based on the standard uncertainty
multiplied by a coverage factor k = 2, which for a normal distribution corresponds to a
coverage probability of approximately 95%. The standard uncertainty has been
determined in accordance with the GUM ‘Evaluation of measurement data - Guide to
the Expression of Uncertainty in Measurement’,

The values on this certificate are traceable to VSL Primary Standards.

The cylinder should be handled with care and by experienced personnel in a
laboratory environment suitably equipped for the safe handling of gaseous materials.

The gas mixture can be used to validate and/or calibrate analytical methods and
equipment.

Do not use the cylinder in case the cylinder pressure is below 1 MPa,

Further instructions regarding the handling of calibration gases can be found in 150

16664:2017,— Arias. |
PR fﬁu_.t?./&/m.u" ats

This certificate is va.!‘ I 10 July 2020,
/1’( 5 EsrE

19-9-2017

Jlal‘ van Wik  Dutch
senior Metrclogiffietrology
institute
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Participating L aborator

Bgenzia provinciale per I'ambiente & la tutela de

Acronym

APPAEZ

Ferzonfs] responszible

APPA

Contact e-mail=:

Telephone contact:

O=w ald ".l'igl

A38-1610525

haracteristic of vour BTEX analyser

Trademark

Syntech Spectras

Madel:

GC 955 - 600

\ersion:

Wersion 2

“r'ear of manufacture:

2003

Helium Mitrogen

Hydrogen

Carbon diowi| Air

Carrier gas:

X

Cther gases used:

Dperating system: 1

Windows Hpe

Cucle time, min:

30

Hdsorbent material:

TEMAK GHR, 35-80 mesh, & cm

Sampling control

Fump; MFC, Fistan

Sampling temperature, ‘T

a0

Sample volume, ml

3.3

MNumber of adzorbent tbes 3

Dezarption temperature,

175

Dezarption time, sec

15

Dezarption How , mlimin

Cryo-trap detail

Trapping temperature, 'C

Desorption temperature, 'C

Desorption time, se

Desorption Flow, mifmin

split How, mifmin

Stripper column

2m

Onalutical column

Capillar eolumn ATE; 100,22 mm; Fim lem

phase:

A5 dimethylpolysilosane; 5 dipherylpolysilosane

l=ngth, m:

3m

diameter [I0] mm:

0.32

thicknesz [pm):

1

analutical conditions:

50,70,50

Traceability of your calibration Standard

| Certified reference material [

Slan

Certified by

ACCREDIA

Certified number:

GOs5017

Compound

Concentration, ppb (molimo

Expanded Uncertainty, +ppbimalimal)

Benzene

199.8

3.8

Toluene

189.7

3.8

Ethul-benzens

1901

5.9

m-Zulene

190.7

4.2

Other methods

Dilution of CRM

Sitatic Injection

Fermeation

Horiba 360 Permeation System

Compound

Fermeation rates ngdmin

Dilution Flow

Oyen Temp.

Benzene

13.7

1,0 It'min

a0c

Toluene

15.5

1,0 It'min

a0c

Ethul-bernzens

34

1,0 Itdmin

s0C

m-#ulene

40.0

1,0 It'min

arc

p-=ulens

13.7

1,0 It'min

a0c

o-mulens

6.5

1,0 Itfmin

a0c
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APPA

\Q_:D |(!Eertifitatn bi Calibrazione

Si certifica che il tubo a permeazione cod. DO75SW4 serie n. 15386 & caratterizzato dal
seguenti paramelr|.

- gas contenuto: Benzene

- temperatura di calibrazione: 50,0 °C

- velocita di permeazione: 15 £2 ng/min
- vita media previstaa 15 ng/min: 3 anni

La calibrazione & stata effettuata secondo la procedura P3, sezione 3, protocollo U.S. EPA-
600/R-12/531 ed in accordo al metodo descritto al punto 4.1, appendice 11, allegato Il del
D.P.C.M. 28 marzo 1983, Durante la callbrazione il tubo a permeazione & stato mantenuto, In una
corrente di gas inerte e secco, ad una temperatura costante e controllata con una precisione di
20,05 °C med ante catena termometrica certificata S.1.T. Sistema Italiano di Taratura (certificato
n. 385-ST-11, Gefran S.p.A.). Il tubo & stato pesato ad intervalli di tempo regolari con una bilancia
semi-micro ansiitica della precisione di 20,01 mg (Sartorius BP210D &/n 70505503) e tarata con
masse certificaie S.1T. (certificati n. 543/07, n. 544/07, n. 545/07, CIBE Sir.L), fino a che i valori di
velocita di per: .eazione non hanno raggiunto un lvello di confidenza del 95%. _

Il seguent: grafico riporta la diminuzione del pesc del tubo nel tempo, la pendenza della retta
rappresenta |a velocita di permeazione

10 30540 —_— e

T

AW e —— - -

v U0 oo 3060 b0 %0000 600 70000 4000
time, min.

C(ppm) = C (ngfcc) x 0,313 a 298,15 *K. 101,3kPa

T Ph. D. Salvalore Ipsale <E"'°"°T
ey ( -/\ Chimico - furChem

& I\

¥ / ;J:‘ o = \ Colifiveiv n, 220
(= WSPLE L \T | ALBO DEICHIMICI D MESSINA p Europesn Chemist Registration Bosrd
Il—"' 5;._\_‘).\1” 2 :) 241

P\ G2kl 5

\7* \ e .:“:-;'-:/ [

\~\5;_-_, e

@ fine metrology S.r.ls. ' ‘
Via Vuncenzo iicnli 14 98048 Spadafora (ME) ITALY l
= 0039 080-924 1843 &, 0039 090-8943700

http:/iwww [ nepermeation. it e-mail fine@finepermeation.it
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APPA

_D |@erttf1tatu bi Calibrasione

Si certifica che il lubo a permeazione cod. DO50SW4 serie n. 15388 ¢ caratterizzato dai
seqguenti parametri:

- gas contenuto: Toluene

- temperatura di calibrazione: 50,0 °C

- velocita di permeazione: 10 £2 ng/min
- vita media prevista a 10 ng/min: 3 anni

La calibrazione ¢ stata effettuata secondo la procedura P3, sezione 3, protocollo U.S. EPA-
600/R-12/531 ed in accerdo al metodo descritio al punto 41, ‘appendice 11, allegato Il del
D.P.C.M. 28 marzo 1983. Durante la calibrazione il tubo a penneazlone & stato mantenuto, In una
corrente di gas inerte e secco, ad una temperatura costante e controllata con una precisione di
0,05 *C med =nte catena termometrica certificata S.1.T. Sistema Italiano di Taratura (certificato
n. 385-ST-11, Gefran S.p.A.). Il tubo & stato pesato ad intervalli di tempo regolari con una bilancia
semi-micro andlitica della precisione di £0,01 mg (Sartorius BP210D 's/n 70505503) e tarata con
masse certificaie S.1.T. (certificati n. 543/07, n. 544/07, n. 545/07, CIBE S.r.L), fino a che | valori di
velocita di perrneazione non hanno raggiunto un livelio di confidenza del 95%,

Il saguente grafico riporta la diminuzione del peso del ubo nel tempo, la pendenza delia retta
rappresenta Ia velocila di permeazione.
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(QD f'ne metrology S.r.l.s. {".
Via Vuncenzo Monti 14 98048 Spadafora (ME) ITALY
& 0038 080-994 1643 = 0039 090-8943700

hitp:/fwww. finepermeaticn. it e-mail: fine@finepermeation. it
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APPA

Calibration Certificate

This is to certify that the permeation tube code STD50 serial n. A147 has the parameters
recorded below:

chemical fill: Ethylbenzene

calibration temperature: 50,0 °C

permeation rate: 19 £2 ng/min

average useful life expected at 19 ng/min: 3 years

Calibration has been performed, using the method described in the protocol U.S. EPA-
600/R-97/121, Section 3, procedure P3, by keeping the permeation tube in a constant
temperature chamber purged by a zero gas weighing periodically until a stable weight loss per unit
of time has been achieved. Temperature is measured with a SiT-fraceable thermoresistance
(certificate n. 23868 by Gefran S.p.A., italy) and controlled with +0.05 °C accuracy. The weight
loss is determined on a semi-micro analytical balance accurate to £0.01 mg (Sartorius BP210D s/n
70505503) and calibrated using SIT-traceable masses reference slandards (certificates n. 543/07,
n. 544/07, n. 545/07 by CIBE S.r.l, ltaly). Gravimetric permeation rate determinations are
continued until the standard error reaches 95% confidence level.

Following graphic shows weight loss versus time, the slope of the best fitting straight line
gives the permeation rate,

400

100 Joomn 20000 o Ox0 Lo
time, min,
C(ppm) = C (ng /cc) x 0,230 at 298,15 °K; 101,3kPa

Spadafora 18 March 2011

.D. Salvatore Ipsale
pean Chemist *

¢ fine permeation tubes

Via Nuova Grangiara, 15 98048 Spadafora (ME) ITALY
tel.; +39 (090) 9841643 fax:+39 (090) 9943700
* Certificate n. 550 by Europzan Chemist Registration Board
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APPA

Calibration Certificate

This is to certify that the permeation tube code STD40 serial n. A141 has the parameters
recorded below:;

chemical fill: m-Xilene

calibration temperature: 50,0 °C

permeation rate: 29 2 ng/min

average useful life expected at 29 ng/min: 3 years

Calibration has been performed, using the method described in the protocol U.S, EPA-
600/R-97/121, Section 3, procedure P3, by keeping the permeation tube in a constant
temperature chamber purged by a zero gas weighing pericdically until a stable weight loss per unit
of time has been achieved. Temperature is measured with a SiT-traceable thermoresistance
(certificate n. 23868 by Gefran S.p.A., Italy) and confrolled with +0.05 °C accuracy. The weight
loss fs determined on a semi-micro analytical balance accurate to +0.01 mg (Sartorius BP210D s/n
70505503) and calibrated using SIT-fraceable masses reference standards (certificates n, 543/07,
n. 544/07, n. 545/07 by CIBE S.r.l, ltaly). Gravimetric permeation rate determinations are
continued until the standard error reaches 95% confidence level.

Following graphic shows weight loss versus time, the slope of the best fitting straight line
gives the permeation rate,

C(ppm) = C (ng /cc) x 0,230
Spadafora 18 March 2011

¢ fine permeation tubes

Via Nuova Grangiara, 15 98048 Spadafora (ME) ITALY 4
tel.: +39 (090) 9941643 fax:+39 (090) 9943700
* Certificate n, 550 by European Chemist Registration Board
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APPA

Calibration Certificate

This is to certify that the permeation tube code STD35 serial n. A145 has the parameters
recorded below:

chemical fill: p-Xilene

calibration temperature: 50,0 °C

permeation rate: 39 +2 ng/min

average useful life expected at 39 ng/min: 3 years

Calibration has been performed, using the mathod described in the protocol U.S. EPA-
600/R-97/121, Section 3, procedure P3, by keeping the permeation tube in a constant
temperature chamber purged by a zero gas weighing periodically until a stable weight loss per unit
of time has been achieved. Temperature is measured with a SIT-traceable thermoresistance
(certificate n. 23868 by Gefran S.p.A., Italy) and controlled with +0.05 °C accuracy. The weight
loss is determined on a semi-micro analytical balance accurate to £0.01 mg (Sartorius BP210D s/n
70505503) and calibrated using SIT-traceable masses reference standards (certificates n, 543/07,
n. 544/07, n. 545/07 by CIBE S.rl., ltaly). Gravimetric permealion rate determinations are
continued until the standard error reaches 95% confidence level.

Following graphic shows weight loss versus time, the slope of the best fitting straight line
gives the permeation rate.
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C(ppm) = C (ng /cc) x 0,230 at 29815°K; 101,3 kPa
Spadafora 18 March 2011 _,f—:-'P'E&\
’.'Q‘\-IL " y{_;_
< ()

7 '©h.D. Salvatore }|

‘I) fine permeation tubes
Via Nuova Grangiara, 15 98048 Spadafora (ME) ITALY
tel.: +39 (090) 9941643 fax:+39 (090) 9943700

* Certificate n. 550 by European Chemist Registration Board
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APPA

Calibration Certificate

This is to certify that the permeation tube code STD70 serial n. A143 has the parameters
recorded below:

chemical fill: o-Xilene

calibration temperature: 50,0 °C

permeation rate: 32 £2 ng/min

average useful life expected at 32 ng/min: 3 years

Calibration has been performed, using the method described in the protocol U.S. EPA-
600/R-97/121, Section 3, procedure P3, by keeping the permeation tube in a constant
temperature chamber purged by a zero gas weighing periodically until a stable weight loss per unit
of time has been achieved. Temperature is measured with a S|T-traceable thermoresistance
(certificate n. 23868 by Gefran S.p.A., Italy) and controlled with £0.05 °C accuracy. The weight
loss is determined on a semi-micro analytical balance accurate to £0.01 mg (Sartorius BP2100 s/n
70505503) and calibrated using SIT-traceable masses reference standards (certificates n. 543/07,
n. 544/07, n. 545/07 by CIBE S.r.l., Italy). Gravimetric permeation rate determinations are
continued until the standard error reaches 95% confidence level.

Following graphic shows weight loss versus time, the slope of the best fitting straight line
glves the permeation rate.
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C(ppm) = C (ng /cc) x 0,230
Spadafora 18 March 2011

q) fine permeation tubes
Via Nuova Grangiara, 15 98048 Spadafora (ME) ITALY .

tel.: +39 (090) 9941643 fax:+39 (080) 9843700
* Certificate n. 550 by European Chemist Registration Board
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F articipating L aborator

Slowak Hydrometeorological Institt

Acronym

SHMLI SHMU

Ferson=] responsible

Peter Holoman

Contack e-mails:

peterholomaniehmu, sk

Telephone contact:

+421-2-5941 6364

Characteristic of vour BTEX analyser
Trademark Syntech Spectras
Maodel: HCA55
Versian: Model B0
Y'ear of manufacture: 2015 |

Helium Mitrogen | Hydrogen| Carbon diogi] Air

Carrier gas: - yes -
Cther gases used:

Olperating system: 1 Windows
Cucle time, min: 15
Ad=sorbent material: TEMAR GF,
Sampling control Fiston - pump
Sampling temperature, 'C 25

Sample valume, ml

Mumber af adsorbent tubes 3

Dezorption temperature, 180

Deszorption time, zec

Deszorption low . mifmin

Cruo-trap detail

Trapping temperature, ‘I

De=orption temperature, 'C

De=orption time, se

Desorption Flow, mitmin

split How, mifmin

Stripper calumn capillar
Bnalutical column capillar, Synspec S'-1
phase: SY-1
length, m: 15
diameter [I0] mm: 032

thicknes= [pml:

1

analutical conditions:

O3 =5 T 3 - S, rO = [ - & == o0 [ TZ= T, oo |
[14-15min)]

Traceahility of your calibration Standard

Certified reference material [C

MPL Primary Beference Material

Certified bu MPL Lk,

Certified number: 2017030423-1; 2017 0904.29-2;

Compound Concentration, ppb [mol'mol Expanded Uncertainty, sppbimalimal]
Benzenes 1, &; [10]; 0.021; 0.10; -]

Toluene

Ethul-benzene

m+p-=ulens

o=Fulene
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NATIONAL PHYSICAL LABORATORY

Teddington Middiesex UK TW11 0LW Telephona +44 20 8977 3222

Certificate of Calibration

NPL PRIMARY REFERENCE MATERIAL

4002

Cylinder Number: D517549

This certificate 15 Sssood 0 aooorcance with the baratovy accreditation reguirgments of the Unted Kxgdom Accredhtahion Sarvica It
Lrowdes fraceabnily of Measwemant 10 the S¢ spstent of umts andiy 10 unis of measurameant realsed ar the Netiondl Poysical Labararory
ar oiher racogrvsed national metrology institutas. This certificate may not be repraduced other than in fal, except with the poioe wiitten
agpraval of the issung bovatory

CUSTOMER: Messer Tatragas spol. s.r.o
ADDRESS: Vicie hrdlo 1, 824 11 Bratislava 23, Slovakia
CALIBRATION DATE: 21 November 2017

AMOUNT FRACTION:

Component Amount fraction
/ {nmol/mol)
Benzene 5.00+0.10
Nitmgm Balance

The reported expanded uncertainty is based on a standard uncertainty multiplied by a coverage
factor k = 2, providing a coverage probability of approximately 95 %. The uncertainty cvaluation
has been carried out in accordance with UKAS requirements.
METHODS: Preparation: gravimetry; Analysis: gas chromatography (FID)

TRACEABILITY: The values on this certificate are traceable to NPL Primary Standards

EXPIRY: Certificate valid for 2 years from the date of issue
PRESSURE: Fill pressure: 100 bar; Minimum utilisation pressure: 10 bar
STORAGE: No special precautions are required

HANDLING: Refer to ISO 16664

OUTLET: DIN 477 No. 1 valve

INTENDED USE: Calibration standard

Reference: 2017090429-2 Date of issue: 15 December 2017
Signed: :%1 ~ (Authorised Signatory)
Name: Dr ) Brewer  (on behalf of NPLML)
Checkedby: 1] )0ior, Page 1 of |

This cevtificate 15 consistent with the capabiities that ae moluded 1 Aopendx C of the MRA dravm up by
m!-‘ the CIPM. Undar the MRAA, aV parhcgatng mshitees racognise the valaty of each other's calbranion and

megsurament cevtificates for Hhe qUENBNEs, rangss and MAJSWanaT uNCTaVIias speaifed v Appendix C

C|m MM (for detals see httpfwwee bipm ovg)
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Participating Laborator Imstitute of Public Health of Belgra

Acronym IPH IPH_S
Person[=] responsible Andrej Sostaric
Conktact e-mail=: i i i
Telephone contact: 2811113 94 186, 38111 20 78 792

Characteristic of vour BTEX analyser
Trademark SYMTECH SFECTRAS
Madel: G 955
Version: &01
“'ear of manufacture: 2003

Helium Mitrogen| Hydrogen | Carbon dicwi] Air

Carrier gas: i
Other gases used:

Operating sustem: 11 wWindows xF
Cucle time, min: 15 min
Bdsorbent material: Tenax GR
Sampling control pizton pump +« MFC
Sampling temperature, 'C Ambient

Sample valume, ml 210

Mumber of adsorbent tubeg ane

Dezorption temperature, ™ 1B0C

Dezarption time, sec 0

Dezorption flow , miimin 15

Cruo-trap detail
Trapping temperature, 'C

Desorption temperature, 'C Dezorption time, se
Desorption How, midmin split Flow, mildmin
Stripper column identical with analytical column, 2m lenght
Bnalutical calumn ATE24
phasze: [E Cyanopropylphenyl]-342 methylpalysilosane
l=ngth, m: 15
diameter [I0] mm: 0.32
thicknezz [pml: 1

analytical conditions: P C (2 min],50-70 C 10Cmin, 70C [5-12 min), 70-50 C 10Cimin, 50C [14-15 m
Traceahility of your calibration Standard

Certified reference material [

Certified bu

Certified number:
Compound Concentration, ppb [malmol Expanded Uncertainty, sppbimalimal]
Benzene
Toluene
Ethul-benzens
m-Zulene

p-snlens

a-Fulene
Other methods
Dilution of CHEM V:ontaining 2ppm of BTEX iz dilutetd by dinamic dilution system A5G0 370

74




pDerais on how you have calculated your analytical uncertainties from your calibrati( IPH S

Uncertaincies were calculated in acccrdance with EN 14662-3:2015.
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Acronym

ERLAF

Perzonlz] responsible

A Bau' Pascual Perez Ballesta

Contact e-mails:

Telephone contact:

Lazcual el alen Bnna sl S0dEAhSNTeneepssy) ]

_+33035275-[5322] [5353)

ERLAP

Characteristic of vour BTEX analyser

Trademark Bagilent + Perkin-Elmer
Model: Hagilent B330 + ATO-50 PE
Version:
¥ ear of marmfachire: ZDDSI
Helium Mitrogen | Hudragen | Carbon diowsid Air
Carrier gas: ves yes yes yes
DOther zases used:
Dperating system: ‘1 Windowsz 10

Cryele timme, mun:

30 min

Adsorhent material:

TEMAK GR, Carbopack B, CAREOFPACE ¥, CARBOPACE C

Samplimg control PumpiMFC
Samplimg temperature, “C Ambient

Sample vohime, ml 200mL [20-500 ML)

Humber of adsothent tubes 1

Desorption temperature, 300

Desorption time, sec 180

Desorption flowr, mlimin 20

Cryo-trap detal Ferkin Elmer | Air Towics, special preperation |

Trapping temperature, 'C -25
Desarption temperature, 'C 300 Desorption time, sed 300
Desorption How, mi'min 50 split flow . mlfmin
Stripper cohimn
Analytical cabimn DE1 and AlZO3 KLl dean-switch sustem
phase:
length, m: a0
diameter (1D mm: 0.3z
thickness (pm): 12
analytical conditions: 40 C hald Smin.,. B Cimin. to 200°C hald 15min

Traceahility of your calibration Standard

Certified reference material [CHRM

Primary Reference Gas Mikture

Certified by MPL
Certified rmimber: Culinder Number O386674
':DmPD‘Iﬂld Concentration, ppb [mol'mal]|  Expanded Uncertainty, +ppbmalimal]
Benzene 333 *0.05
Tohene 333 +0.10
Ethyl-benzens 3.33 010
mtp-Zylene .95 020
o-Zylene 3.97 0,10
Other methods

Dihation of CEW

Static Imgection

Permeatian

Additional comments

zampling volume during the exercize 300 ml,
multipoint calibration with volumes ranged from 20 to 00 ml
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NATIONAL PHYSICAL LABORATORY

Teddington Middiesex UK TW11 0LW Telephone +44 20 8977 3222

Certificate of Calibration

PRIMARY REFERENCE GAS MIXTURE

Cylinder Number: D38 6674

This cartificats is lssued in accordance with the isborarory accredifation requiramants of the United Kingdom Accreditation Sevwica. it
provides tracesbility of messurement fo the ST system of Wits andior 10 Unirs of measwrerment reavsed st the National Physical Laboratory
or other recognised national metralogy nEIitules This certificate may not be raproduced other than in ful, except with the orior vntten
approval of the isswng Bborstory

CUSTOMER: European Commission — Joint Research Centre
ADDRESS: Institute for Environment and Sustainability, Via E. Fermi, 1,
1-21020 Ispra (VA), Italy
CALIBRATION DATE: 29 June 2016
AMOUNT FRACTIONS:
c 2 Amount fraction
Qroponen { (nmol/mcl)
Benzenc 3.99 = 008
Toluene 3.99 = 010
Ethylbenzene 3.99 +  0.10
m-xylene + p-xylene 7.98 + 020
o-xylene 3.97 £ 010
Nitrogen Balance

~

The reported expanded uncertainties are based on standard uncertainties multiplied by a coverage
factor k= 2, providing a coverage probability of approximately 95 %. The uncertainty evaluation

has been carried out in accordance with UKAS requirements.

METHODS: Preparation: gravimetry; Analysis: gas chromatography (FID)
TRACEABILITY: The valucs on this certificate are traceable to NPL Primary Standards
EXPIRY: Certificate valid for 2 years from the date of issue

PRESSURE: Fill pressure: 100 bar; Minimum utilisation pressure: 10 bar
STORAGE: No special precautions are required

HANDLING: Refer to ISO 16664

OUTLET: DIN 477 No. 1 valve

INTENDED USE: Calibration standard

Reference: 2016040283 Date of issue: 1 July 2016
Signed: W( : {Authorised Signatary)

Name: Dr Pd Brewer (on behalf of NPLML)

Checked by: < JAA—

T
\%

CIPM MRA

Page 1 of 1

Ths cenificate (s consistent with the capabivties that are included in Appendix C of the MRA drawn up oy
the CIPM. Undar the MRA, all perticinsting institutas recogrvse the valdity of esch other’s cafibrancn and
messurement canificatas for the guantities, ranges and measuremen! Lncentsinties spscified in Appendix C
(for datanls see hitp/fwww.bipm.org)
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List of abbreviations and definitions

AAA
APPA
AQUILA
BTEX
CG
DCMR
Conc.
D.D.

DLI

EC

Environmental Protection Agency (Lithuania)

Agenzia Provinciale Per I’Ambiente e la Tutela del Clima

Air quality reference laboratories

Benzene, toluene, ethyl-benzene, xylene

Gas chromatograph

DCMR Milieudienst Rijnmond

Concentration

Dynamic Dilution

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

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.
REE
RSD
SHMU

Permeation tubes
Agency Ricardo Energy and Environment (United Kingdom)
Relative standard deviation, %

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
Ci Average concentration value of | measurements
C Inter-laboratory average concentration
c
i Robust average value
Cref Reference concentration value
Cs refers to hydrocarbons with 8 atoms of carbon
E — CIab _Cref
n— 2 2
E, Ulab +Uref
ki Mandel-k value for laboratory i
n Number of replicated analysis
p Number of participating laboratories
P(2) Probability function of the random variable Z.
Rc Residuals of the linear regression Ci vs Cres at the evaluated concentration level, C

Y'|Restduals| = Zfe"els(lblasll . Crefi/IOO) : sum of average absolute residuals

s Standard deviation of the robust average value
Sbias Standard deviation of the bias, ' ~Cra
Se Standard deviation of the average inter-laboratory value
Si Standard deviation of the sample i.
s Inter-laboratory variance or between-laboratory variance
2
Sinzz Siysy = 623, — sf: between laboratory standard deviation from the prescript conditions of
proficiency assessment of AQUILA network.
52 Repeatability variance or intra-laboratory variance
S#? 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 7Clab:cref : Z-scores statistic

om
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ug/m3 Micrograms per cubic meter

o Level of significance

y Y = sr/sr, gamma value

o Standard deviation

13} Standard deviation for proficiency assessment

2
Om O, = ’(O.S'SL)Z +s:r: 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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GETTING IN TOUCH WITH THE EU
In person

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

On the phone or by email

Europe Direct is a service that answers your questions about the European Union. You can contact this service:
- by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls),

- at the following standard number: +32 22999696, or

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

FINDING INFORMATION ABOUT THE EU
Online

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

EU publications

You can download or order free and priced EU publications from EU Bookshop at: https://publications.europa.eu/en/publications.
Multiple copies of free publications may be obtained by contacting Europe Direct or your local information centre (see
https://europa.eu/european-union/contact_en).
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EU policies with independent evidence
throughout the whole policy cycle.
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