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ABSTRACT : A measurement uncertainty for analysis of volatile organic compound (benzene)
in cigarette mainstream smoke was carried out. In this study one point re-calibration method
was used to estimate uncertainty for benzene. The measurement uncertainty was calculated
based on the uncertainty sources of each analysis step, quality appraisal sources, drift and
repeatability. As a result, the concentration and expanded uncertainty of benzene in cigarette
mainstream smoke were measured as 38.08 + 4.36 g/cig. Relative uncertainty of drift and

repeatability obtained were 5% and 3%, respectively.
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Table 1. Optimized GC/MSD Instrument S} 7}, dhl Fed & A §U154E 44 mm
operating conditions Cambridge filterE Es)4 dry-ice/2-propanol

Instrument  Agilent, 6890 GC-5973i MSD bathell 20 mL methanole] Eo] 9= impinger
ofl ZA =}l ISO ZF Fod z7ew A 5

Col DB-5MS
o (60mx 0.25 mmid. x 1.0 ym) ~ ° filterg impingerol FXIct. WPFEFEA
Injector 250 (ISTD)& A7} 3t impingerg 1027} vortexingst
temperature ¢ v} syringe filterZ ozHt A28 GC/MSDZ
Injection 245k, Alg £4 9 AXe TEE+= Fig.
volume 1 uL
1ol hehigich,
Split 5:1
Flow rate 1.2 mL/min 2 9 nE
Oven 35 C(5 min) - 30 C/min
temperature  _ ;5 06/%)1(31_(:2(((;)0@51& min) sa= elx 89
lonization e BABANA Tefslol & BUE AES
voltage 70eV WAL, A4, 234, HEA, WA, Al
Ion source 950 9 FAAL E 4 9 Kim E, 2005). & o
temperature = ol 7lo X o)A =-2 =X o
FoldE e 2o F M AAES FHo2
daas T e 71 A A 24 29
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£ ol gl @l 3 ALy fo1EE N ol % BHE 24
benzene £HE Af AEH WHE AR yuy i sy Az 9 246l wE 53w
AristaAle] in-house BMH(UK Arista Recommend o Uit By ex
Method, 2003)-¢ A-gstglen, Ad #4e o b
Cigarette Smoke
l
Mainstream Pad + 1 fritted impinger
{20 mL Methanol)
|
Smoke 5 cigarette (FTC/ISO)
!
Transfer pad to impinger — GC/MSD Analysis
l
Rinse impinger stem with ~ 2X1 mL fresh
methanol into sample
|
Add ISTD and vortex for 10 seconds and
filter

Fig. 1. Scheme of the analytical procedure for volatile organic compound in
cigarette mainstream smoke.
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Fig. 2. Uncertainty diagram for the determination of benzene in cigarette

mainstream smoke.
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5 FZ9219] 0.074 5778 o] &slo] A
g B3 uk—a— 0.074 577//5 =0.033 3520]¢}.
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293 34
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Table 2. Coefficients and calculated values of uncertainties of equation

Terms Coefficients Calculated results
6?5";"‘ A XV XV XZ:E i{l a 0.012 686
i e 4.071 009
6%&”‘ G Z‘f 12/: s 37.910 862
af";‘,sm Cot Xfxx:,f:fxfd 1.842 612
aca;,j:m (G XA;;;“,IXXS el ~1.245 344
ac(,,"’j",l”"‘ (G Xi);‘%jfxf’ xh) ~0.380 338
e i 38.084 042
%fdm G X:: - IZ:"V el 38.084 042
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Fig. 3. Realative wuncertainty for the
determination of volatile organic compound
(benzene) in cigarette mainstream smoke.
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Brunnemann K. D., Kagan M. R., Cox J. E. and
Hoffman D. (1989) Determination of benzene,
toluene and 1,3-butadiene in cigarette

Table 3. Calculation results of uncertainties in the equation of the model

Source Ve ey Uneerainty Type ROt 00

Cear 30 002 pg/mL  0.002 887 B-Type o 0.000 096
As 9.354 939 0.208 288 A-Type 4 2.226 505
Va 1.004 568 mI.  0.001 272  A-Type+B-Type 293 0.126 578
Vs 20. 668 513 mL 0.016 634  A-Typet+B-Type 34 0.080 478
Al 30.581 145 0.053 671 A-Type 4 0.175 503
Vi 100.132 134 0.057 829 A-Type+B-Type 855005 0.057 753
fr 1 0.033 352 A-Type 4 3.335 194
fa 1 0.052 686 A-Type 4 5.268 608

Measurement Value 38.084 pg/cig

Combined uncertainty 2.180 pg/cig

Expanded uncertainty 4.360 ug/cig
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