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OZONE COMPARISON RESULT - PROTOCOL B - WITH A

TRANSFER STANDARD

Participating institute information

Institute INSTITUTO DE SALUD CARLOS 111
Address CTRA. MAJADAHONDA-POZUELO KM.2, 28220 MAJADAHONDA
Contact CARMEN SANCHEZ; PILAR MORILLO
Email camensb@isciii.es;pmorillo@isciii.es
Telephone +34 91 822 3505
Instruments information

Reference Standard National Standard Transfer Standard
Manufacturer NIST NIST THERMO
Type SRP SRP 49iPS
Serial number SRP27 SRP22 0734626227
3;?3 j cross-section 308.32 atm* cm® 308.32 atm-1 cm-1 308.32 atm-1 cm-1
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This workbook contains macros. It is recommended not to use them.

Please complete the cells containing blue stars only.
After completion of the appropriate section of this report, please send to Joéle Viallon
by email (jviallon@bipm.org), fax (+33 1 45342021), or mail (BIPM, Pavillon de Breteuil, F-92312 Sévres)
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Ozone comparison form  BIPM.QM-K1-R2 Version 2.0 Modified 11/01/2007

comparison national standard (RS) vs reference standard (NS)

Summary of comparison results

Equation XNs = @ns ,rs XRs + bNS ,RS

Least-square regression parameters

aNsRs U (@ ns,rs) b ns.rs u (b nsrs) u(a,b)
(nmol/mol) | (nmol/mol)
first comparison 0.9996 0.0051 0.05 0.99 -3.16E-03
second comparison 1.0008 0.0051 0.21 0.99 -3.13E-03

Degrees of equivalence at 80 nmol/mol and 420 nmol/mol:

Nom value D; uDy) U
(nmol/mol) | (nmol/mol) | (nmol/mol) | (nmol/mol)
. . 80 -0.10 1.58 3.16
first comparison
420 -0.10 2.39 4.78
. 80 0.43 1.58 3.16
second comparison
420 0.47 2.45 4.89

Degrees of equivalence at all measured values (k=2)
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BIPM.QM-K1-R2
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Calculation of the National Standard vs Reference Standard comparison results

through the first National Standard vs Transfer Standard comparison

First comparison results

National standard
measurement results

Transfer standard
measurement results

Reference Standard
prediced values

Nominal X' Ns U (X ns) XTs u(Xrs) X'Rs u(X'grs)
value nmol/mol nmol/mol nmol/mol nmol/mol nmol/mol nmol/mol
0 -0.04 0.28 -0.04 1.43 -0.01 1.57
220 225.67 0.72 228.72 1.46 226.18 1.64
80 88.90 0.38 89.99 1.43 89.01 1.53
420 411.95 1.24 416.70 1.51 412.05 2.05
120 131.63 0.48 132.80 1.44 131.33 1.54
320 320.20 0.98 324.04 1.48 320.43 1.82
30 36.78 0.30 37.07 1.43 36.68 1.54
370 362.62 1.10 366.97 1.50 362.88 1.92
170 180.13 0.60 181.87 1.45 179.85 1.58
500 486.90 1.45 492.22 1.55 486.72 2.27
270 268.05 0.83 271.06 1.47 268.04 1.71
0 -0.01 0.28 -0.09 1.43 -0.06 1.57

Reference standard predicted values are deduced from the transfer standard measurement results

using the calibration performed at the BIPM, with the parameters calculated in Excel Worksheet 4 (page 7)

X'gs = Apg 15 X5 T bRS TS

arsts 0.9888 b nrs, s (NMol/mol) 0.03
u(arsts) 0.0039 u (b rsts) (nNmol/mol) 0.68
Degrees of Equivalence D, = Xys — X'gs
Point Nom value D; udy U,
Number (nmol/mol) | (nmol/mol) | (nmol/moal) | (nmol/mol)
1 0 -0.02 1.60 3.19
2 220 -0.51 1.79 3.58
3 80 -0.10 1.58 3.16
4 420 -0.10 2.39 4.78
5 120 0.30 1.62 3.23
6 320 -0.22 2.06 4.13
7 30 0.10 1.57 3.15
8 370 -0.26 2.21 4.42
9 170 0.27 1.69 3.38
10 500 0.18 2.69 5.38
11 270 0.01 1.90 3.81
12 0 0.05 1.60 3.19
Least-square regression parameters
aNs,Rs u (ansrs) b ns,rs u (b nsrs) u(a,b)
(nmol/mol) | (hmol/mol)
0.9996026 | 0.0050681 | 0.0534829 | 0.9919152 | -0.0031629
Page 3
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BIPM.QM-K1-R2

Version 2.0

Modified 11/01/2007

Calculation of the National Standard vs Reference Standard comparison results
through the second National Standard vs Transfer Standard comparison

Second comparison results

National standard
measurement results

Transfer standard
measurement results

Reference Standard
prediced values

Nominal Xns u(Xys) X1s u (X rs) X' Rs u(x'gs)
value nmol/mol nmol/mol nmol/mol nmol/mol nmol/mol nmol/mol
0 -0.02 0.28 -0.18 1.43 -0.15 1.57
220 223.05 0.71 225.39 1.46 222.89 1.64
80 87.79 0.38 88.33 1.43 87.36 1.53
420 426.29 1.28 430.63 1.52 425.82 2.09
120 127.57 0.47 128.26 1.44 126.84 1.54
320 314.27 0.96 317.13 1.48 313.60 1.80
30 36.24 0.30 36.35 1.43 35.97 1.54
370 369.19 1.11 372.78 1.50 368.62 1.93
170 183.78 0.61 185.37 1.45 183.32 1.59
500 486.62 1.45 491.75 1.55 486.26 2.26
270 279.12 0.86 282.05 1.47 278.91 1.73
0 -0.08 0.28 0.02 1.43 0.04 1.57

Reference standard predicted values are deduced from the transfer standard measurement results

using the calibration performed at the BIPM, with the parameters calculated in Excel Worksheet 4 (page 7)

X'ps = Ars s X5 T Bes TS
arsts 0.9888 b nrs, s (NMol/mol) 0.03 u(a,b)
u(arsts) 0.0039 u (b rsts) (nNmol/mol) 0.68
Degrees of Equivalence D, = Xys — X'gs
Point Nom value D; udy U,
Number (nmol/mol) | (nmol/mol) | (nmol/mol) | (nmol/mol)
1 0 0.12 1.60 3.19
2 220 0.16 1.78 3.57
3 80 0.43 1.58 3.16
4 420 0.47 2.45 4.89
5 120 0.73 1.61 3.22
6 320 0.67 2.04 4.09
7 30 0.27 1.57 3.15
8 370 0.57 2.23 4.46
9 170 0.46 1.70 3.40
10 500 0.36 2.69 5.38
11 270 0.21 1.93 3.87
12 0 -0.12 1.60 3.19
Least-square regression parameters
aNs,Rs u (ansrs) b ns,rs u (b nsrs) u(a,b)
(nmol/mol) | (hmol/mol)
1.0007554 | 0.0050516 | 0.2093919 | 0.9904094 | -0.0031342
Page 4
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Ozone comparison form

BIPM.QM-K1-R2

Version 2.0

Modified 11/01/2007

Data reporting sheet

First comparison of transfer standard (TS) vs national standard (NS)

Operator

CARMEN SANCHEZ

Location

LAB 51.02.023A (ACA)

Comparison begin date

4.12.14112:46 h

Comparison end date /

5.12.14/11:02 h

/ time time
measurement results
Transfer standard (TS) National Standard (NS)
Nominal XTs STs u(Xrs) XNs Sns u (X ns)
value nmol/mol | nmol/mol | nmol/mol | nmol/mol | nmol/mol | nmol/mol
0 -0.04 0.10 1.43 -0.04 0.24 0.28
220 228.72 0.56 1.46 225.67 0.60 0.72
80 89.99 0.37 1.43 88.90 0.62 0.38
420 416.70 0.87 1.51 411.95 0.61 1.24
120 132.80 0.69 1.44 131.63 0.81 0.48
320 324.04 0.44 1.48 320.20 0.45 0.98
30 37.07 0.37 1.43 36.78 0.39 0.30
370 366.97 0.46 1.50 362.62 0.63 1.10
170 181.87 0.57 1.45 180.13 0.77 0.60
500 492.22 0.48 1.55 486.90 0.57 1.45
270 271.06 0.52 1.47 268.05 0.58 0.83
0 -0.09 0.13 1.43 -0.01 0.35 0.28

Note : according to the protocol, these measurement results are the last TS-NS

comparison measurement results recorded

Covariance terms in between two measurement results of the national standard

Equation u(xi , X,—) =a- X X; Value of & 0.00E+00

Comparison conditions

Ozone generator manufacturer NIST

Ozone generator type NIST-SRP

Ozone generator serial number SRP22

Room temperature(min-max) / °C

18,1 °C-19,7°C

Room pressure (average) / hpa

924,2 hPa

Zero air source

Air compressor with scrubbers for NOx, VOCs, 03

Reference air flow rate (L/min) 5 I/min
Sample flow rate (L/min) 5 I/min
Instruments stabilisation time 48 hours
Instruments acquisition time /s (one measurement) 1 min.

Instruments averaging time /s

SRP22: none, TEI49iPS: 1 min.

Total time for ozone conditioning

2 hours

Ozone mole fraction during conditioning

500 nmol/mol = 15 nmol/mol

Comparison repeated continously (Yes/No) Yes
If no, ozone mole fraction in between the comparison repeats il
Total number of comparison repeats realised 7
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Ozone comparison form

BIPM.QM-K1-R2 Version 2.0

Modified 11/01/2007

Instruments checks and adjustments

National Standard

INSTRUMENTS CHECKS:

Pressure
Temperature
Scaler Test
Scaler Test with shutter
Stability

NO ADJUSTAMENT WAS NECESSARY

Transfer Standard

INSTRUMENTS CHEKS:
Pressure
Temperatures: Bench and lamp UV
Flows

Intensities

NO ADJUSTAMENT WAS NECESSARY
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Ozone comparison form

BIPM.QM-K1-R2

Version 2.0

Modified 11/01/2007

calibration of the transfer standard (TS) by the reference standard (RS)

Operator

F. Idrees / P. Moussay

Location

BIPM / CHEMO09

Comparison begin date

Comparison end date /

. 17/12/2014 14:00 . 19/12/2014
/ time time
Calibration results
Equation Xrs = Qrs s X1s T Des TS
Least-square regression parameters
aARs TS U (arsts) brsTs u(brsrs) u(a,b)
(nmol/mol) | (nmol/mol)
0.9888 0.0039 0.0264 0.6841 -0.0014
(Least-square regression parameters will be computed by the BIPM using the sofwtare OzonE v2.0)
Measurement results
Transfer standard (TS) Reference Standard (RS)
Nominal XT1s Sts u(Xrs) XRs Sks u(Xrs)
value nmol/mol | nmol/mol | nmol/mol nmol/mol nmol/mol | nmol/mol
0 -0.10 0.07 1.43 -0.10 0.30 0.28
220 220.51 0.12 1.45 218.17 0.18 0.70
80 81.06 0.16 1.43 80.16 0.30 0.36
420 426.29 0.33 1.52 421.23 0.33 1.26
120 121.94 0.13 1.44 120.47 0.22 0.45
320 321.19 0.17 1.48 317.82 0.24 0.97
30 32.04 0.13 1.43 31.73 0.25 0.29
370 373.04 0.33 1.50 369.19 0.41 1.11
170 171.35 0.22 1.44 169.28 0.29 0.57
500 513.96 0.21 1.56 508.08 0.25 1.51
270 271.06 0.22 1.47 268.07 0.35 0.83
0 0.00 0.07 1.43 0.10 0.36 0.28

Note : according to the protocol, these measurement results are the last TS-RS comparison measurement results

Covariance terms in between two measurement results of the reference standard

Equation

Value of a

BIPM.QM-K1-R2-ISCIII-14

u(X;, X;) =a- X+ X;

8.50E-06
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Ozone comparison form  BIPM.QM-K1-R2 Version 2.0

Modified 11/01/2007

Uncertainty budgets (description or reference )

Reference Standard

Transfer Standard

Standard Unce rtainty

Component (y) Distribution
ufy)
A Experimental standard
Repeatibility desviation

Reproducibility

Rectangular

reproducibility /2v3

Repeatibility: maximal value of the experimental standard desviation observed al ISCIlI (s = 1.43 nmol/mol)

Reproducibility: difference between the maximun value of the slope of the regression line between the

national standard and the transfer standard. Using a rectangular distribution, the standard

relative uncertainty is 0.001 2 x

The transfer standard uncertainty can be summarised by the equation:

BIPM.QM-K1-R2-ISCIII-14
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Ozone comparison form  BIPM.QM-K1-R2 Version 2.0 Modified 11/01/2007

National Standard |

Uncertainty u(y) I
Combined | Sensitivity Co:ct)rij%:;lon
Component (y) S Distributi Standard | standard | coefficient Icil. u(y)
ource istribution Unce rtainty | uncertainty| ¢, = ax/ay il- uty
nmol/mol
u(y)
Measurement
Opthical Path-  |scale Rect. 0,0005 cm 052 crm L B}
length, Lo,y |Repeteability |  Normal 0,004 cm ' opt 289407 x
Bias Rect. 0,52 cm
P Gauge Rect. 0,029 kPa
P P i 0,034 kPa - 4
ressure Difference Rect. 0,017 kPa x/P 3,37x10™ x
between cells
T probe Rect. 0,029 K §
T tura, T . . - 0,07K 4
emperatura Residual Bias Rect. 0,058 K X/ 2,2940°7 x
Ratio of Intensiti Scaler Rect 8,0x10°®
atloo r:)ensn €5+ resolution ' X 1,4x10° x/DIn(D) 0,28
Repeatibility Normal 1,1x10°
Absortion Cross [Conventional i i i i
section, ¢ value
2 — 2
u(x) =+/(0.28) +(2.92-10"° x)2nmol/ mol
This numerical equation has been calculated without the uncertainty of absortion cross section
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