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ABSTRACT - The uncertainty of measurement in quantitative analysis of ammonia by
continuous-flow analysis method was evaluated following internationally accepted guidelines. The
sources of uncertainty associated with the analysis of ammonia were the weighing of sample, the
preparation of extracting solution, the addition of extracting solution into the sample, the
reproducibility of analysis and the determination of water content in tobacco, etc. In calculating
uncertainties, Type A of uncertainty was evaluated by the statistical analysis of a series of
observation, and Type B by the information based on supplier’s catalogue andjor certificated of
calibration. It was shown that the main source of uncertainty was caused by the volume
measurement of 1 mL and 2 mL, the purity of ammonia reference material in the preparation of
standard solution, the reproducibility of analysis and the determination of water comtent of tobacco.
The uncertainty in the addition of extraction solution, the sample weighing, the volume measurement
of 50 mL and 100 mL, and the calibration curve of standard solution contributed relatively little to
the overall uncertainty. The expanded uncertainty of ammonia determination in burley tobacco at
95% 1level of confidence was 0.00997%.

Key words : uncertainty, ammonia, auto-analyzer

R FA7 dig 88 834 e ol aeh) FAH3ke ARAE oIVl Sl B4

Froll el FFFe) S v|A F de AAE ARl BEriEEA wEs B AYES

A sle] F¥sle ZlozA, FAZ uid wt=A] mEjste] ZA AT FAS F HeAel

AR e A AEE X2 EAE 2 rh

olg} & ¢ vt BEAxr e 2AHZE o E23x Ad-2 19931 1SO(International Orga-

7] 98 B =HE 7| goli /)\X]u]- ke T nization for Standardization, =fAIFEF=8l7]T)el
[o]

g glokes A2 & €84 e Adojd. A e T 7178 A 5 BRE Ut o

*ARPA X} ¢ 305-805 WHAHFAA] KA AT 302 WA, KT&G Fd+4
*Corresponding author : KT&G Central Research Institute, 302 Shinseong—dong, Yuseong-gu, Daejeon
305-805, Korea

- 107 -



89S gAR R FYs] Slste] Ao B
5 XX A A (Guide to the Expression of
Uncertainty of Measurement, GUM)7} wai=] ¢l
th o] AHAE £49 A4 FEE 93t
EHEY Fdo Hxe] FYH AHoZA T
Ao g o] A vielt FAzI dA ZH A=
o BEIEE U3l glow, AYm kA
(EAL-R2, 1997; NAMAS, 1995; Taylor =, 1994)
®rb oly2}l analytical measurements(Eurachem,
1995; ILAC, 1994) 5 o8] Fobol] du] H&5
I Qi

B}ehEA

SHEA Bololl oA B3E ZA3 Fadd)
A Ay A4, Ak AE o stes ¢
=%, Fo fY)eA woF AR, &5 T @
W ek Sofl gk oyl 9l i(Eurachem,
1995), Ebll= AEA Fo T4 g
(Ricardo %, 1999), %% 3<% =(Maroto
5, 1999), B¥% FHrl wh( Maroto %, 1999
Meinarth 5, 2000) S°ll WA= ©e A7}
o] FoiA i gir}.

dubd oz E85EE 22 AE A

Sete 4wy AArE 2" B8R ghe
2 5 9, BAIge] EFE4E 1o uE

r\o

¢ o
Mo
Al od

—

oxt@0le] golAAl Hol EHE ko] HRjni,
3k A g ueko g ¥ AR B AL

7b ez 34E ARE £4% o 2o 23
= zke] AuiZlez =74 JElU= Z(Eurachem,
1995; Maroto 5, 1999; Meinrath &, 2000022
a4 gich

chall SRR BAT A B JE
Ao g FA FAHA ALY AFA, Hu) FHHA
AR 24 AA AR wE 99
9 A8 gxo A%, ZFEAY FE9 A
2, shEhks, AsE BAVIY 9 A B3
< oyl FReA BEE 2Qle] EAY = 9l
L} o} 7] el BHH A FopllA B E
€ FAN & Adle AY gle AAo

B Ao ARgg U2 20049 CORESTA
Routine Analytical Chemistry Sub Groupel]4] I
A Byog whifXg FENE FE47]

2 ubaAgl & 660 nm A9 HBE] S Ag3lo]

UV-A9ld HEAE BEE SHshE whelth
of B A Akuldg syl wFol ge
ABE Ao Y W obF f8A A
HAe Az Avigtel e ox7t v)nd B
o] MAslE £Agolzt A=k,

Webd # dTE gl Fo Rl Ak
EAsE Hgeld B} B4 5 9
QoloZ RBEA 2‘5_7%, Z 80 =4 =

W BTG 2al, BTN YYA, A2

A /l] _,] _E,_oLak =4 =9 H/S;‘_‘,}.yg

=

prs

2 rq- o i mlm

B Agd] Agd AgE 200334 TR W
olgl¥ 7HEdEq E415BIT)E 40TA4 6~
A A= F Fallzle] 1 mme] AE FHAA
A&l et

A gZe ¢EYoly Aii= CORESTA DRAFT
1(2004)9 F3to] BA3IRET, A& 05 g& &
hs] Dol 950 mL AHZtEalAFe] Wi B
100 mLE 7Fsle] 3087 Z1®dk ¥ Whatman
Grade 40 A& %3l o3& g Auto
Analyzer II(Bran+Lubbe, Germany)8] H4A 8%
-85k et

AgFe) S8 ke 1SO 6488 WMo R 50 g
o] el Al 85 400 ml cyclohexane & 347t =
Talo] A% £ ¥9& FAsl Al

FEgNe 5 99%2] AL T E((NH.)2SO0s,
Simga, USA)-S AH8319la, TFENY 5= o
Byoly A4 7]F0 7 0.1~0.5%E ZAsAch

A&H &% Felez, =), vlx Ay F9
B type B8 5= 24 AA7HNA g 24
AR AR A BAH BEE e ol &g,
A type BEEE vbE 2AH wE FFHAE
uhESlGo] A FTo g ol Fakgich

B35 AL 7] B4 A A

F

T BHE Ao tisle] A type@t B type
EFEIEE 9A 3 g olE $Asle] &

- 108 -



Holg)E guls o}
AEREE Albsla, FAESEE 74 AAEY
ERZeZ o] A IFESEE R ¥
2E A EREE 4 AAEY] HESEE o
Al GAsta EAAHk=2, 95% AHFF)et F
AARE Fatod Faksdch.
Za Y 1nE

A2 A £HU Cfst &

A5 FAE EFAsler] Agslhs gl dl
g 24 ARALY BEEE 0.125 mge BIE
E JHAGL glemg o] g 28 Uro] oy
B-typed] EFEEE 6.25¢<107°(0.000125/2) go]
ek webd A8 05 g& FHs=d Slol 4l

FFEIEE 1.25¢10740.0000625/0.5)0] %},
A2 229 =FH0 e 28
FAZZNZ doF FHT 100 mLE A8}

Porng BHE= kst
AZE FE8Y HI2ol ois Esx

A Foll FEEN 50 mLE H7hsl=g 50 mL
Foo Ui EFEE a1 F, 50 mL
gl Agell gk AMQ E2=Q) A type xEE
E52(UPI), B type EFESE(UP2), EF7]=l
gt AL 9o FFEREWUPI) ¥ %«1 |
AAAFUPHE 27 Fola 2t 285 AAE
Hdskatet.

50 mL 33t A-goll izt A type IFEHE
(UPHE 371 S5t 50 mL 3l E474A)
A F e FHe FAE 10

3t 2 A#E Table 1] VEFY
t}.  Modeling equation{Y)+= A& = )‘](a)oﬂ/“]
AARZkb)E W FeR FIdm, AT
modeling equation®l|4] He|Es}H 1o} 7} “H'r
o] EdstA| 9ksk

sl A-g-ol] WH: 7l
B3X(UPI)E= Table 19149k o] 2.6x10° mL
o]gick. B type EFEHEE Il wbH v}
0.18 mLol gL, AZF o] FojA YA owvg
Ay BE(1S0, 1993)2 714 ste] oldl] gk

zTEr'r

==
3] uhEE4

oo

=859 A type EF

0.18/ 3 22 0.1039 mLe|gic)k. w

B EF71%el ol A A3 EEps
(UP3)= AAAAAAAY ZFEEE 0.023 mLE
2% 737k 0.0115 mLe B type 2325 A}
W EFEYEE 0.1046(101039° +00115° ) mLo]
et '

LEusle] W2 To) Lol v BaE
(UPHyE thgdt Fol Albeisdct. Ag4e &
Table 1. Reproducibility in the volume
measurement of 50 mL pipet

Repeat Weight Volume

No. (g) (mL)"

1 49.837 50.024

2 49.854 50.041

3 49.842 50.029

4 49.852 50.039

5 49.841 50.028

6 49.847 50.034

7 49.832 50.019

8 49.859 50.046

9 49.844 50.031

10 49,849 50.036

Mean 50.033

Standard Deviation(SD) 0.0082

A Type(SD/ Vi) 0.0026

DThe density of water at 28 is 0.99626.
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Table 2. Ammonia measurements depending upon the calibration standard solution

Measx(l)z;:ment Conce(r;t)ratlon [Yi(_y(;-;gi )}2))]2 (Yors—9) S (xi)? (Sxi)/n
0.102 0.1 0.000000650 0.0104
0.200 0.2 0.000000643 0.0400
0.300 0.3 0.000000161 0.0900
0.400 0.4 0.000000000003 0.1600
0.500 0.5 0.000000159 0.2500
SUM n=5, $=0.30 0.000001613 -0.015 0.5504 0.4512
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Table 3. Reproducibility of ammonia concen-
tration from burley tobacco

Repeat No. ammonia(%)

1 0.284

2 0.281

3 0.283

4 0.288

5 0.287

Mean 0.285

SD 0.0029

A-type(SD/n) 0.001288
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Table 4. Overall uncertainty in the analysis of ammonia concentration in burley tobacco

Relative Standard

Description Value Standard Uncertainty Uncertainty
Sampling Weighing 0.500 g 0.0000625 1.925x107*
Addition of extraction . 5
solution Pipet . 50 mL 0.14958 1.5%10
Purity 99.0% 0.00577 5.80x107°
Weighing 0.1959 g 0.0000625 3.19x10™*
Preparation of Flask 100 mL 0.1262 1.26x10°
standard solution
1 mL 0.01035 1.04x107*
Pipet
2 mL 0.02213 1.11x107°
Calibration curve Y=aX+hb 0.285% 0.0008 2.81x107°
Reproducibility of o 3
onia Burely tobacco  0.285% 0.00129 4.53%10
Water concentrations Weighing 500 g 0.0000625 1.25x107°
of tobacco Adapter 5 mL 0.01512 3.02x107®
Overall uncertainty 0.01749
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