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ABSTRACT - Uncertainty of final measurement results considering main uncertainty sources
being in nicotine of mainstream smoke was estimated. This study was accomplished by using the
ISO ‘The Guide to the Expression of Uncertainty in Measurement’ . Using the two point
re-calibration method, uncertainty for nicotine concentration was calculated considering the
uncertainty sources of each step. The concentration and uncertainty of nicotine in mainstream
smoke was estimated as 153.95 +17.84 g/mL(0.77+0.089 mg/cig). The expanded uncertainty
was 17.84 pg/mL(£0.080 mg/cig). The reported expanded uncertainty of the measurement is
stated as the standard uncertainty of measurement multiplied by a coverage factor of 2, which
for a normal distribution corresponds to a coverage probability of approximately 95%. The
former expression indicates the conversion concentration into the sample.
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P l_.-_ \
Cambridge filter pad weighing Purity
: before smoking : nicotine 98.0%
Smoking Preparation of stock soln
: using smoking machine : 9968 ug/mL
Cambridge filter pad weighing Dilution of stock soln
: after smoking : 229.26 vg/mL
v Preparation of Re-calibration soln. 2.
- — Uncertainty source : Ca
Extraction of nicotine -
: TPM collection | Preparation of std. soln
T for calibration curve
Pre-treatment of sample, :

Uncertainty source: Calibration curve
P weight measurement v

Psolvent extraction
|——>| GC analysis «—

Calculation
Uncertainty source: Cx

End

Fig. 1. Procedure of nicotine analysis for mainstream smoke and uncertainty sources.

Table 1. Preparation of re-calibration solution and standard solution for calibration curve

Concentration Process
9968 ug/mL 98% nicotine soln. — weighing(1.01714 g) — transfer 100 mL volumetric flask
(stock soln.) — marking extraction soln(isopropanol soln).

9968 ug/mL stock soln. — dilution(1.0 mL pipet to 100 mL volumetric flask)

9.7 ve/ml. — marking extraction soln.

9968 wg/mL stock soln. — dilution(1.5 mL pipet to 100 mL volumetric flask)
150 weg/mL . .

— marking extraction soln.

9968 ug/mL stock soln. — dilution(2.0 mL pipet to 100 mL volumetric flask)
199 wg/mL . .

— marking extraction soln.
249 ug/mL 9968 wg/mL stock soln. — dilution(2.5 mL pipet to 100 mL volumetric flask)

— marking extraction soln.

Re-calibration 100 mL volumetric flask - marking extraction soln(blank soln).

soln. 1
Re-calibration 9968 wg/ml stock soln. — dilution(2.3 mL pipet to 100 mL volumetric flask)
soln. 2 — marking extraction soln.
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Fig. 2. Calibration curve of nicotine standard
solution.

Table 2. Peak area of GC for nicotine standard
calibration

Concentration Peak

Concentration Peak

(1g/mL) Area {ig/mL) Area
100 1407 150 2083
1395 2089
1395 2085
1404 2092

average 1400.25 average 2087.25
199 2800 249 3529
2804 3537
2793 3514
2792 3537

average 2797.25 average 3529.25
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Table 3. Results of nicotine analysis for Blank and Re-calibration solutions.

Re-calibration soln. 1

Re-calibration soln. 2

(blank) (high concentration) Sample
Concentration Concentration Concentration
No measured No measured No measured
(ug/mL) (ug/mL) (ug/mL)
1 0 1 225.3 1 151.8
2 0 2 226.3 2 150.7
3 0 3 225.5 3 151.7
4 0 4 226.2 4 152.4
Average 0 Average 225.8 Average 151.6
Standard Standard Standard
deviation 0 deviation 0.50 deviation 0.70
Standard Standard Standard
error 0 error 0.25 error 0.35
Concentration 0 Concentration 9230
prepared prepared
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Table 4. Uncertainty sources in the concentration value of re-calibration sample 2
Uncertainty Values Uncertainty Remarks
sources
P, purity of nicotine 0.98 0.011547
M, mass of nicotine 1.01714 g 0.00076 g
Vi, volume of stock solution 100 mL 0.0726 mL
Sfa3s 0.000001194 mL fuzs = Vou/Vi
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Table 5. Standard uncertainties appearing in the main equation of the model

Sources Value Uncertainty Degrees of freedom
G 0 wg/mL 0.0006 ug/mL oo
Cs 229.3 vg/mL 2.712 1g/mL oo
Rx 151.6 wg/mL 0.35 ug/mL 3
R 0 wg/mL 0 ug/mL 3
Rz 225.8 wg/mL 0.25 wg/mL 3
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Table 7. Final uncertainty results obtained for the analysis of nicotine in mainstream cigarette smoke

Symbol Description Value U“CVearlt:;my D;’f::jjm"f
Preight measuement Pretreatment factor 1 7.743%x10™ g
Poivent extraction Pretreatment factor 1 5.666 %10 mL
C Concentration analyzed (1(?37?5m§/g:; 2145
Ue Combined standard uncertainty 8.92 ug/mL
Expanded uncertainty 17.84 ug/mL

(95% level of confidence, k=2)

(0.089 mg/cig)
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