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ABSTRACT. The expanded uncertainties calculated by the application of GUM -approximation and Monte-Carlo
simulation were compared about the model equation of one-point calibration which is widely used for the mea-
surements and chemical analysis. For the comparisons, we assumed a set of artificial data at the various level of con-
centration and dispersion of t or normal distribution. Mistakes of more then 50 % was revealed at the values calculated
by GUM-approximation in comparison with those of Monte-Carlo simulation because of the excess dispersion from
t-distribution and non-linearity by division in the equation. In contrary, the mistake of calculation due to non-linearity

of the equation was not observed in the level of detection limits with the equation of one-point calibration, because
of the relatively large values of uncertainty in response.
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Table 1. Input quantities and characteristics

Input quantities C: R R«
Characteristics mg/kg au au
Value 994.4 10432 182
Standard Uncertainty(x;) 23.2 103.5 36.4
Distribution of uncertainty Normal distibution t-distibution t-distibution
Degrees of freedom, < (1000000) 2 10
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Mathematical Equations of
mode! for the calculation of uncertainty

I

Evaluation of the vaiues, standard uncertainties
and types of distribution

Iteration No. = MAX
& Initiat No. of iteration, | =0

Generation of a set of random numbers for input quantities
with the values, standard uncertainties and types of distribution

Calculation of a single result with a set of random numbers
generated and mathematical equations

Iteration,
If | < MAX

=1+1

No

Calculation of the expanded uncertainty
at pre-specified level of confidence

Fig. 1. A procedure for calculation of uncertainty by Monte-Carlo Simulation.
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Table2. Uncertainties of the measurafg(and sensitivity§, an output quantity) calculated by GUM-approximation and Monte-

Carlo Simulation

Calculation procedures Measurandgs) SensitivityS)
Chracteristics GUM Monte-Carlo GUM Monte-Carlo
Value, mg/kg 17.34 17.38 0.0953 0.0954
Combinded Standard Uncertainty, mg/kg 3.50 - 0.0024 -
DF 10 - 85 -
Coverage factor Confidence level, 95% 2.23 - 1.99 -
9 Confidence level, 99% 3.17 - 2.64 -
. Confidence level, 95% 7.79 7.83 0.0048 0.0059
Extended Uncertainty mg/k '
ty mokg Confidence level, 99% 111 11.2 0.0064 0.0102
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Table 3. Uncertainties of the sensitivi§( an output quantity) calculated by GUM-approximation and Monte-Carlo Simulation

Standard uncertainty GUM-approximation Monte-Carlo Simulation
R % Uu(Ry) Standard DF Expanded uncertaintyj Expanded uncertaintyl
u(R) Ry Uncertainty CL.95% CL. 99% CL. 95% CL. 99%
10.43 0.1 0.00223 373630 0.0044 0.0057 0.0044 0.0058
15.65 0.15 0.00223 118523 0.0044 0.0057 0.0044 0.0059
20.86 0.2 0.00223 36266 0.0044 0.0058 0.0045 0.0060
31.30 0.3 0.00224 7510 0.0044 0.0058 0.0046 0.0062
41.73 0.4 0.00226 2448 0.0044 0.0058 0.0047 0.0066
52.16 0.5 0.00227 1036 0.0045 0.0059 0.0049 0.0069
104.32 1.0 0.00242 83 0.0048 0.0064 0.0059 0.0102
208.64 2.0 0.00293 11 0.0064 0.0091 0.0091 0.0199
312.96 3.0 0.00362 5 0.0093 0.0146 0.0130 0.0310
365.12 35 0.00401 4 0.0111 0.0184 0.0152 0.0372
417.28 4.0 0.00441 3 0.0140 0.0258 0.0173 0.0421
521.60 5.0 0.00526 2 0.0226 0.0522 0.0215 0.0550
625.92 6.0 0.00614 2 0.0264 0.0609 0.0258 0.0662
730.24 7.0 0.00703 2 0.0302 0.0698 0.0309 0.0854
834.56 8.0 0.00794 2 0.0341 0.0788 0.0349 0.0983
938.88 9.0 0.00886 2 0.0381 0.0870 0.0404 0.1230
1043.20 10.0 0.00979 2 0.0420 0.0971 0.0458 0.1488

DF, degrees of freedom
CL, Confidence level
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Table4. Uncertainties of the measura@g(calculated by GUM-approximation and Monte-Carlo Simulation

Standard uncertainty GUM-approximation Monte-Carlo Simulation
UR) % u(Ry) Standard Expanded uncertaintyj Expanded uncertainty]
(R) Uncertaintyu(S,) CL.95% CL. 99% CL. 95% CL. 99%
91.0 50 8.69 10 19.36 27.53 19.37 27.65
72.8 40 6.95 10 15.50 22.04 15.52 22.17
54.6 30 5.22 10 11.64 16.55 11.67 16.67
36.4 20 3.50 10 7.80 11.08 7.83 11.27
27.3 15 2.66 10 5.89 8.37 5.93 8.44
18.2 10 1.79 11 3.94 5.56 4.05 5.85
9.10 5 0.973 15 2.07 2.87 2.23 3.22
7.28 4 0.822 19 171 2.35 191 2.82
5.46 3 0.681 27 1.40 1.89 1.59 2.40
3.64 2 0.569 52 1.13 1.50 1.34 2.09
1.82 1 0.473 94 0.94 1.25 1.14 1.96
0.91 0.5 0.448 90 0.89 1.18 1.09 1.86

DF, degrees of freedom
CL, Confidence level
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