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ABSTRACT. The expanded uncertamtics caleulated by the application of GUM -approximanon and Monte-Carle
simulation were compared about the medel cquation of enc-point calibration which s widely used for the mea-
surements and chemical analvsis. For the comparisons, we assumed a sel ol artificial data at the various level of con-
centration and dispersion of { or normal distribution. Mistakes of more then 30?5 was revealed at the values caleulated
by GUM-approximation in comparison with those of Monte-Carlo simulation because ol the excess dispersion from
{-distribution and non-linearity by division in the equation. Tn contrary, the mistake of caleulation due to non-linearity
of the equation was not observed in the level of detection limits with the equation ol one-point calibration. because

of the relatively large values of uncerlainty in response.

Key words:  Chemical Analysis. One-pomt Calibration. GUM. Monte-Carlo Simulation. Expanded Uncertainty




L}o]c+ o]a %A of Algksl 718 $lgle] 24 &
21 %3 A1 A (Guide to the Iixpression of Uncertainty
in Measurement. GUM) 7} )= 5. &3 Fafe) &
A AL Ve £)3) FARA 237 W sk
2] 4 Holol] Ao o
GUMS wfet &4] ZAxte ‘2}"44‘5 ~HEE ]
Jabode: gekmces 2xbel 43t dae e
Jelae) RERANE 2 R
3 Pﬂ Flep Eehe] F.
BYRSE R ARt e $Yes
Ai GUMe| 4=
o} 12l ARl &h we] 7S Ak
fgked. 12} Taylor - Z7el 2] A4 0]
o2 Agat Flvh o]l ZAp g *I-S*
412 W) i, defeel 5

OJo

ﬁ'.m
>

-]u
A e 32

..
O.L.I.

e ol

B ?M o o 2 5 el ASE e
A gic}, w35} GTrM°]])\‘]-"- etk el gzl #lul
3 }*’-5104 Arre s e BaEY 2E 3
B =

NP
slo] Fe|¥o] 9lR] 9k ?Jo-’ AArAE] al4=2 ewmg)
) ¥ 2

2 e RlAE 57 ShepAel Bl o45)E
B Al kel 53 B8 F7 ABAGUME
FAPH . Monte-Carlo Simulationel] <&l A|Ars! zhzb
2 :‘—1"‘1'—-‘9‘31'-5'; v wElglet, o] BIRE $13le Sl2]9]
AnEL T pIof|M] A BE e LBRER
7} shed A 4bsled It M()nle-(zn’lo Simulationsl] A=
wEiEke] By B35 b Ae)ske] WS- Al4tkshe
gAlo2 BEHNE Al 5]~/] | Fof] H4kake] <57}

I

Gy

0.

GUM-T A 0% Akl $8hmrt ol 4= 4 e
7ol dlste] HESH7] skl 24 W et A
e EE 90 BA LA O dol AU @
B g wbgg Agelion T wA AL 12 3ol

Zepo s 1S ok AL 02 bl gl

I

( —QR -8R l

x R] | X ( )

047]*1 Caz B4 4 Alsel $=. O 2 9
Frlal] FE 27 Vel Rk k7] Wb

3 el o] el 2 R W& FS-C)

Ryel eul7h 9o =g o] W-E = sh}e] ’.s-]aokp-
2M e ¥7lslch 3= A4k dhydel abE 4g
gl Atolg AuFdoR wmal7] $lsted 4 o A
ol dlgle] FAAQ Zh ¥FLEE FEF4 ol
g dwrEal sl EA2 fAleH Table 134
o] fel= 7hA skt

o] 3% FhellA 53], o FFEE 2]
36.4 182 l()t)}” A Usloi\-ci o] A& & g B

GUM 2| 2 A 2} Monte-Carlo Simulation®

GUMES| AL 2|3t £ Zstzol M4, GUM-
= *HMI ofeh 24 Axte] B-ale2 A aksl7] §) s
LA w42 el ETugEe] 4
3 A TR AAk 4 BRMEEky 0] 7)) Ak}
/1740} ‘ll—]— & 2] 18 A Rl 0& Tahfe
1% el dae ol galaih

1||0 ‘L~|4' ""

FA8 Riohm vy #EE2 Ao B9 A3l OOl A8
B-& Taylor 34 702 o463 2AMolch, FAbal
Tabfe 1. Input quantitics and characteristics
Inpul quantities [ R R
Characteristics mg kg au au
Value 994 4 10432 182
Standard Uncertainty, #{x;) 232 103.5 364

Distribution of uncertainty
Degrees ol freedom. v

Normal distibution
2 {1000000) 2 10

distibution -distibution
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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

ud
wd

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

I=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.

AgEl de A ZElAe] AlgdA olefof sfo ok A FE e AlAk 4 gabEghe] AAbE A Aok 8
BlAlgAde] o} & A lalor 5928 31} A4k =3 O]iﬂ"l' Hde] -EEE Monte-carlo Simulation®]
off oo} ghe}, fiz} 28 BME 23 AR Awer 137 ]5}]“1‘ w17, A afel] 3t 432
Hol 24| o2 gk TFAA) o] AFEE] T glow of 7] T sl ekel] Fhat ETEEtE o] 7 glHeke] ¥
AME FHRTEEEE T87] S8l GUMR]l A E §4]& Sobgei eketol gioh. 0|28t Simulation
215 4] 29) gre] AL519]v - fig 12} e 7} jlE gk chale] £ 32 )

X " Ac = wrE ST o] i W EE £ RE A Wiy

”c(cx):;)‘(a_xi) u(x) @ ghod WS- A4k 024 FREELE 5 Flelv

Monte-Carlo Simulation o] A4{3= ¢ Zgke] Bale 3
3714, xAs 2 RS vehiin) o) AeaNE] ¢, Eo| Ulet AW ALgsle] BT A54|7]7] wL-
H 52 RS RIEWS)E 48 ﬁl*“}&‘i‘:} & of . GUM-~TAR 3} o). A4k @757F S 87| ebts
3l Welch-Satierihwaile 32} 2. - RA-F3 0005 . e} WE A Ake] Aot e ol o kS 7o
3151 AlE =S 7t} 95 4 ooraR A sl f-%l’-;-— o Eel] - ARl M suba] A4kst A#oh ks A
Rk vl Zhzhe] #FRHg ks Aalsisiv. o]#IEt A Ak Aol sk QA dellut 2 AAE o]§5l)

AHS- 9)3)o] AldE PUMA =18l S Al ga)edc)’ o} AxgkEe] HReEAEL 953 W 99009 EHEEE
Monte-Carlo Simulation™l| 2|2t X S8z, GUM of] Awaly- kS F317] 8l A PEE AT
o uje) 54 Axe] RIS A7) IsiM- 1 g ol Aslste e 4 259 W 0.5% 913

A mEAle) A7 2 aQly FFEEEL AR 3

:LOiI'

o shdshs @S Ekksiv. ol AdekEl 3k el E

2003, ol 47, No, f



34 A7) R R $A1E -

Mormal t{v=2) t{w=10)
BOOO 2000 4000
800D 1500 3000
4000 1000 2000
2000 500 1000
o] (H] 0
-10 0 10 -10 0 10 -10 o 10
Rectangle Triangle Trapezoid
2500
2000
1500
1000
500
]

-1 1] 1 -10 v} 10 -10 Q 10

Fig. 2. Random number distributions: normal. £v-2). ¢/ (v-10). rectangular. (nangular and rapezoidal distributions.
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{abfe 2. Uncertainties of the measurand(C',) and sensitivites(Sy. an output quantity) calculated by GUM-approximation and Maonte-
Carlo Simulation

Calculation procedures Measurand(C',) Sensitivity(S)
Chracternistics GUM Monte-Carlo GUM Monte-Carlo
Value, me‘ke 17.34 17.38 0.0933 0.0934
Combinded Standard Uneertainty, mg kg 350 - 0.(024 -
DI 10 - 83 -
. . Confidence level, 93Yq 223 - 1.99 -
Coverage factor )
N Confidence level, Y9V a 317 - 2.04 -
. . Conlidence level. 93" 7.79 783 0.0048 0.0039
Extended Uncertainty mg kg .
Conlidence level. 99"y 11.1 112 0.0064 0.0102
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Table 3. Uncertaintics of the sensativity(Sy. an output quantity’) caleulated by GUM-approximation and Monte-Cardo Simulation

Standard uncertainty

GUM-approximation

Monte-Carlo Simulation

) Yo n(R) Standard . Expanded uncertainty. £ Expanded uncertainty. &
R R Uncertainty br CL.93% CL. 99% CL.95% CL. 99%
1043 0.1 0.00223 373630 0.0044 0.0057 0.0044 0.0058
13.65 0.15 0.00223 118523 0.0044 0.0037 0.0044 0.009
20.86 0.2 0.00223 36266 0.0044 0.0038 0.0043 0.0060
31.30 0.3 0.00224 7310 0.0044 0.0038 0.0046 0.0062
41.73 04 0.00226 2448 0.0044 0.0038 0.0047 0.0066
52.16 0.5 0.00227 1036 0.0043 0.0039 0.0049 0.0069
104.32 1.0 0.00242 83 0.0048 0.0064 0.0059 0.0102
208.04 2.0 0.00293 11 0.00064 0.0091 0.0091 0.0199
31296 30 0.00362 5 0.0093 0.0146 0.0130 0.0310
36512 33 0.00401 4 0.0111 0.0184 0.01352 0.0372
41728 4.0 0.00441 3 0.0140 0.0258 0m73 0.0421

321.60 5.0 0.00326 2 0.0226 0.0322 0.0215 0.0350
62592 6.0 0.00614 2 0.0264 0.0609 0.0238 0.0662
730.24 7.0 0.00703 2 0.0302 0.0698 0.0309 0.0834
834,36 8.0 0.00794 2 0.0341 0.0788 0.0349 0.0983
938,88 2.0 0.00886 2 0.0381 0.0870 0.0404 0.1230
1043.20 10.0 0.00979 2 0.0420 0.0971 0.0438 0.1488

DF. degrees ol Ireedom
CL. Conlidence lesel
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Tabfe 4. Uncertainties of the measurand((",) calculated by GUM-approximation and Monte-Carla Simulation

Standard uncerlainty

GUM-approximation

Monte-Carlo Simulation

- Yo Ry} Standard Expanded uncertainty. £/ Expanded uncertainty. &
A (R Uncertainty 2(%)) CL95% CL.99% CL. 95% CL.99%
91.0 30 8.09 10 19.36 27.53 19.37 27.65
728 40 693 10 15.30 2204 1552 2217
346 30 322 10 1164 16.55 L1.67 16.67
364 20 3.30 10 7.80 11.08 7.83 11.27
273 15 2.66 10 5.89 837 5.93 g.d4
182 10 1.79 11 394 3.56 4,05 583
v.10 5 0.973 15 207 2.87 2.23 322
7.28 4 0.822 19 1.71 235 1.91 282
3.46 3 0.681 27 1.40 1.89 1.39 240
34 2 0.369 32 .13 1.30 .34 209
1.82 ] 0473 94 0.94 1.25 .14 1.96
091 03 0448 90 0.89 118 1.09 .86
DF. degrees of [reedom
CL. Conlidence level
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Fig. 4. Relative uncertanties of the Measurand((™,) calcu-
lated by GUM-approximation to those by Monte-Carlo Sim-
ulation.
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