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Abstract

The development of ozone SRP (Standard Reference Photometer) designated as a G-7 project by the Korean
Ministry of Environment began 1997 and is now nearly completed. With the completion of the ozone SRP we will
not only acquire a qualification to participate in the international ozone calibration system but also enhance
calibration credibility of ozone similarly to that of other ambient air pollution monitors. As the ozone SRP uses
highly cleaned blank air that can be distinguished from general ozone analyzer, it is possible to reduce errors
associated with the determination of ozone via elongation of the absorption length as long as 1 meter. In addition,
gas chopping method has been adopted to cut down interference of other substances and time drift. Furthermore,
the system has also been modified to minimize the strayed ultra-violet noise along the light path. In this paper, a
new method for uncertainty evaluation has been introduced, which is guided by the ISO (International Standard
Organization) GUM (Guide to the Expression of Uncertainty in Measurement) through assessments of the
uncertainty type B (that was impossible to estimate before) as well as the uncertainty type A (based on statistics).

Key words : development of ozone SRP, uncertainty evaluation, uncertainty of type B, measurement error, gas
chopping method
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Fig. 1. Diagram for the measurements of intensity f, temperature T, and pressure P in the SRP.
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Table 1. Uncertainty values according to distributional
type.*
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Distributional type u u
2
Symmetric rectangular a? a/i3
22
Triangular 3 a/6
22
Normal 5 a/f9
* Source : [SO, 1993
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Table 2. Ozone absorption coefficient (Average value =
308.9 atm ' cm™").

130 W) W) WN(Lo) Investigator (s), Year®* «(atm'em™)  Method Comment
=3 : anaka, 1953 306. M:
o e (Li+Ly) | (L4122 Inn and Tanaka, 19 06.2 Manometry
() WXT)  u’(P) Griggs. 1968 3039 Manometry
F-InF T P (13) Becker et al.. 1974 310.8 Manometry
. In 2 2
Hearn, 1961 3085  Decomposition
’ . stoichiometry
Decomposition
Al&i2iqn o P ; S 'P
3. Al AN DeMore and Raper, 1964 310.8 stoichiometry
GPT
3.1 2t QolM Ex EYE Clyne and Coxon, 1968 3122 (Gas Phase Titration) 250 nm
/q (13)01] 7‘] _3‘0\_“5 %E}‘E 7]__‘?__‘;4" %;_%]. ;“ * Source : Dasibi, 1989
Table 3. Uncertainty values.
Uncertainties
ID Concentration (ppb)  Uncertainty ID F value Uncertainty Uncertainty
CO(19)* -0.61 0.54633545 FO(19)* 1.00003419 0.00003053 T 0.57735027
C1(19) G0.5 0.56554015 F1(19) 0.99495852 0.00003147 P 0.6350853
C2(19) 201.1 0.62175054 F2(19) 0.98880068 0.00003438 a{5)* 1.39236011
C3(19) 302.8 0.25890162 F3(19) 0.98317835 0.0000143 L, 0.05773503
C4(19) 406.6 0.66522712 F4(19) 097765339 0.00003581 Ly 0.05773503

* Degree of freedom
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Table 4. Mean values needed to calculate expanded uncertainties.

1D Concentration (ppb) F value InF T P o LiorL;
Cco -0.61 1.00003419 0.000034193 298.26 1000.29 3089 100
Cl 90.5 0.99495852 -0.005054228 298.64 1001.03 308.9 100
C2 201.1 0.98880068 —0.011262505 298.07 1002.12 308.9 100
C3 3028 0.98317835 -0.016964741 297.88 1001.98 3089 100
C4 406.6 0.97765339 —0.022600079 298.76 997.12 3089 100

Table 5. Combined standard uncertainty.

p  Concentration Combined Vur
(ppb) uncertainty ¢

Co —-0.61 0.54464784 2.9974E+38

Cl 90.5 0.81090641 4.8543E+-38

C2 201.1 143146109 30119E+38

C3 302.8 1.95950192 2.1322E+38

C4 406.6 2.68943478 2.325E+38

Table 6. Final concentration result (Credibility = 95%).

Concentration Coverage Expanded Concentration range

b (ppb) factor  uncertainty

Max Min
Co -0.61 2 1.089295689 05 -1.7
Cl 90.5 2 1621812826 92.1 889
2 201.1 2 2.862922174 2040 198.2
C3 302.8 2 3.919003843  306.7 2989
C4 406.6 2 5378869554 4120 4012
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