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Background for presentation

Free base nicotine (FBN) remains a controversial topic

o FBN and tobacco products
FBN is a misnomer, it is really just plain neutral nicotine
FBN in mainstream cigarette smoke (MSS)
FBN in aqueous extracts of smokeless tobacco products (STE)
Relationships between FBN and pH in MSS or STE
o Numerous journal articles, company memos, and news
reports about relationships between FBN (or pH) levels and
product acceptability

o FBN is difficult to measure in complex matrices such as STE
or MSS (whole smoke or just particulate matter)

o Amount of FBN in MSS depends on how cigarette is smoked
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Objectives for presentation

Brief review of FBN in MSS

o Physical chemistry of FBN in MSS
o Methods and technigues for determination of FBN in MSS

Whole smoke
Total particulate matter (TPM) only

0 Solid phase microextraction (SPME) methods for FBN in MPM
Watson et al., J. Agric. Food Chem. 2004, 52, 7240-7245
Lee et al., CORESTA Congress Paris 2006, SSPOST 25
Bao et al., CORESTA Congress Shanghai 2008, SSPT 42
Summarize factors affecting amount of FBN in MSS
o Methodological factors
o Smoke chemistry factors
o Smoking dynamics (e.qg., puff volume, flow rate)
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Brief review of FBN in MSS — 1

Physical chemistry of FBN in MSS

o MSS gas-vapor phase (GVP)
Permanent gases, very volatile smoke components

Semivolatile compounds that may be in GVP or PP depending on
concentration and gas-particle partitioning coefficient

o MSS particulate phase (PP)

Semivolatile compounds that may be in GVP or PP depending on
concentration and gas-particle partitioning coefficient
Nonvolatile smoke components

o Semivolatile compounds

Bases: nicotine, ammonia, amines, pyridines

Acids: carbonic, formic, acetic, lactic, glycolic

Neutrals: water, propylene glycol, glycerin, triacetin, menthol

Must assume semivolatiles in dynamic equilibria between GVP & PP
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Brief review of FBN in MSS — 2

Gas-particle partitioning (GPP) theory (J.F. Pankow)
o Equations for GPP of nicotine in MSS

1. P (%) = 100%{1/(1+ K TSP)}

2. K /TSP, Amcotlne nicotine/ cg,nicotine

g,nicotine ,mcotme

nlcotlne nicotine

3. K p,nicotine = (f 760R T)/ (M mVnicotinepLonicotine 106)
4. Kp,nlcotme Kp,fb/ Cpp, = 1003/ g
P, nicotine(72) = Percent of nicotine in GVP Cp nicotine = CONC. Nicotine in PP (ng/ug)
TSP = total suspended particulates (ug/ms3) Cy nicotine = CONC. Nicotine in GVP (ng/m?)
K, nicotine = GPP constant for nicotine (m%/LLg)  Ficqnine = CONC. Nicotine in PP (ng/m?)
TSP =10%TPM (mgf/cig)/[puffs:(mL/puff)] (La/m3) A, .oeine = CONC. Nicotine in GVP (ng/m3)
f,, = fraction TSP that is organic matter MW, = Number avg. mol. wt. of TSP (g/mol)
Y.icotine = @CtiVity coefficient nicotine in TPM P, icotine = VAPOI pPressure nicotine (torr)
K, s, = GPP constant for FBN (m?/ug) ap, = FBN/Total nicotine (ug/ pg both on CFP)
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Brief review of FBN in MSS — 3

Whole smo
o pH of who

Ke techniques
e smoke aerosol or aqueous suspension of whole

smoke (pH most always acidic with such techniques)
o Traps after Cambridge filter pads (CFP)

o Denuders

Particulate-phase techniques

o pH of agueous suspension of total particulate matter (TPM)
0 Hexane extraction of TPM

o Desorption of FBN In TPM before and after NH, treatment
o SPME (solid-phase microextraction)

ap, = FBN/TN = 10-PKa/(10-PKa + 10PH) only if true solution
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Why SPME for determination of FBN in MPM?

Methods relying on aqueous suspensions inaccurate?

o pH Is defined only for dilute aqueous solutions
o Acidity from volatile acids (H,CO,, CH,0,) may be artifactual

o Trapping may alter smoking dynamics

Advantages of SPME for FBN in MSS PP?

o Works with standard smoking protocols: FTC/ISO (35/60/2,
0% VB), MDPH (45/30/2, 50% VB), HCI (55/30/2, 100% VB)

o Does not require special smoking equipment and reagents
o Uses conventional Cambridge filter pads

But, two assumptions required

o Equilibrium between MSS aerosol and MSS on CFP

o Can correct for changes in SPME response from PP water

ACS 238 TOXI 2 L&A LLC



The two assumptions

Equilibrium between MSS aerosol and MSS on CFP

o As MSS is drawn through pad, particulate matter remains but
volatiles come onto pad but can also be stripped off

0 Once the smoke run is finished and the pad is removed from
holder, it can gain/lose water and other volatiles

o Determination of water on half-pad allows measure of
changes versus results from determinations with whole pad

Correcting SPME response for PP water content

2 Nicotine and FBN are in TPM on CFP

o SPME response depends on vapor pressure of FBN above CFP
Vapor pressure of FBN depends on mole fraction of FBN in TPM
As water content of TPM increases, mole fraction of FBN decreases
Must correct for response due to water content of TPM as that water
content also affects gas-particle partitioning coefficient
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Effect of water in TPM on SPME response to FBN

Relative Nicotine Response (%)
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Factors known to affect relative amount of water in TPM

Cigarette design Is a major factor

o Filter ventilation, higher levels give drier TPM
0 Humectants, such as propylene glycol, glycerin give wet TPM

Intensive smoking gives wetter TPM (Counts et al., 2005)

nitial fiter 1ISO SO 1ISO MDPH | MDPH | MDPH HCI HCI HCI
Ventilation (k) | 0-30 | 31-60 | >60 0-30 31-60 >60 0-30 31-60 >60
TPM (mg/cig) 15 8.1 2.5 37 23 11 53 44 36
HO(mycg) | 15 | 045 | 009 | 96 | 40 | 081 18 16 13
H,0/TPM ( %) 10 5 4 260 17 I 34 36 36
Conditioning of cigarettes prior to smoking

0 1S0O 3402:1999 does not specify how well cigarettes should be
conditioned prior to smoking; only minimum time specified
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Table 1- Contemporary reference & commercial cigarettes

Brand style Regimen Put TPM, Watejr Nicotirle Tar. .Tar./ CO (mg/cig) FBN, Ol Smoke pH
count | (mg/cig) | (mg/cig) | (mg/cig) | (mg/cig) | Nicotine (ug/cig)

KY2R4F SO | 84 | 103 | 036 | 0.76 | 9.19 12.1 10.1 36.1 [0.048] 6.10
CIM8 ISO | 83 | 15.1 1.09 1.09 12.9 11.9 10.6 346 [0.032| 5.98
Camel Filters KS ISO | 84 | 16.2 0.86 1.08 14.3 13.2 11.7 453 10.043| 6.07
Player's KS ISO | 81 | 18.2 1.7 1.12 15.3 13.7 13.3 15.7 10.014| 5.83
Gauloises BlondeskS | 1SO | 7.1 | 104 | 036 | 0.79 | 9.27 11.7 9.38 43.3 [0.055( 6.10
KY2R4F HClI |11.0| 453 13.1 1.91 30.3 15.9 27.8 445 10.023| 5.90
CIM8 HClI |11.6| 46.0 11.2 2.50 32.3 12.9 24.6 32.6 |0.013| 5.80
Camel Filters KS HClI | 93 | 55.1 14.1 2.41 38.6 16.0 30.5 34.1 (0.014| 5.78
Player’s KS HClI | 11.3| 53.1 136 | 267 | 36.9 13.8 29.0 18.4 10.007| 5.68
Gauloises Blondes KS [ HCI | 8.7 | 45.9 120 | 205 | 318 15.5 30.1 24.7 10.012| 5.88
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Comparison of our results with those of other researchers

Watson et al., JAFC 2004, 52, 7240-7245 (ISO)

0 ay ~ 0.012 for KY1R4F, we found oy, ~ 0.048 for KY2R4F
0 ay, ~0.072 for Brand T (32% FV, 9 mg tar, 0.7 mg nic), we
found o, ~ 0.055 for GBKS (31% FV, 9 mg tar, 0.8 mg nic)

Lee et al., CORESTA Congress 2006, SSPOST 25 (I1SO)

0 ag, ~ 0.13 for KY2R4F, we found a, ~ 0.048 for KY2R4F
0 ag, ~0.051 for Test Cig 3 (30% FV, 9 mg tar, 0.7 mg nic), we
found o, ~ 0.055 for GBKS (31% FV, 9 mg tar, 0.8 mg nic)

Lee et al., CORESTA Congress 2006, SSPOST 25 (HCI)

0 ag, ~ 0.03 for KY2R4F, we found ag, ~ 0.02 for KY2R4F
0 ag ~ 0.01 for Test Cig 3 (100% VB, 32 mg tar, 1.9 mg nic),
we found ay, ~ 0.01 for GBKS (100% VB, 32 mg tar, 2.1 mg nic)
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Table 2 - Contemporary & historical Canadian cigarettes (ISO)

badse | Vo | o (mqu;?iq) (n‘:lqa/tcei:;) ("lfq(’/tc'."ge) (m;%iq) ot | 019 (u;?:q) Oy | Soke ph
duMarerkSFT | 1970 |103| 262 | 170 | 141 | 231 | 164 | 239 | 132 |0.009| 566
duMarerkSFT | 1980 | 9.3 | 268 | 163 | 129 | 232 | 180 | 226 | 104 |0.008| 560
duMarerkSFT | 1993 | 81 | 156 | 1.00 | 094 | 137 | 146 | 144 | 110 |0012| 563
duMarerkSFT | 1999 | 88 | 17.7 | 086 | 125 | 156 | 125 | 152 | 267 |0021| 588
duMarerkSFT | 2007 | 85 | 216 | 190 | 124 | 184 | 148 | 164 | 128 |0010| 565
EQtAFFRST | 1970 | 8.7 | 247 | 186 | 126 | 215 | 17.1 | 177 | 929 |0007| 554
EQartAFFRSFT | 1980 | 8.6 | 320 | 463 | 132 | 261 | 197 | 219 | 620 |0.005 543
EQartAFFRSFT | 1990 | 7.6 | 20.4 | 198 | 106 | 176 | 166 | 148 | 9.36 |0.009] 563
EQrtAFFRST | 1999 | 7.4 | 186 | 179 | 123 | 156 | 127 | 139 | 200 |0.016] 577
EQrtAFFRST | 2007 | 6.8 | 186 | 203 | 102 | 156 | 153 | 135 | 111 |0.011] 576
otmansKSFT | 1971 | 108 | 255 | 167 | 140 | 225 | 161 | 218 | 140 |0010] 546
RotmansKSFT | 1979 | 9.8 | 205 | 133 | 114 | 181 | 159 | 186 | 122 |0.011] 561
RotmansKSFT | 1996 | 84 | 182 | 102 | 125 | 160 | 128 | 143 | 260 |0021| 564
RottmansKSFT | 1999 | 8.2 | 164 | 090 | 107 | 144 | 135 | 143 | 200 |0019] 577
RottmansKSFT | 2007 | 8.4 | 181 | 065 | 127 | 162 | 128 | 162 | 32 |0025] 581
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Explanation of data in Table 2 and Fiqures 1-3

Data taken from larger study of Canadian brands

o Study began in 1970 and Is continuing

o Includes data on tobacco composition and smoke deliveries

o Only includes cigarettes made with traditional additive-free,
all flue-cured Canadian blends

Data shown in Figures 1 -3

0« decreases when tar-to-nicotine ratio increases
0 ay, decreases when water in TPM (%) increases
0 ag, Increases when smoke pH increases

Note that these effects occurred in the absence of
ammonia-containing additives
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‘ Figure 1. C¢g, versus Tar-to-Nicotine Ratio
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‘ Figure 2. O, Versus water in TPM (%)
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Figure 3. Crg, versus Smoke pH
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Does O, equal P, ,icozine(70) ? Definitely not

o, and P, coine(70) are two different parameters
0 ay, IS the fraction of MPP nicotine that not protonated
o P (%) Is the percentage of total smoke nicotine that is in

g,nicotine

the GVP of MSS and believed to be not protonated

Examples of differences between ay, and P, :.4ine(70)

o Data from Chen and Pankow, JAFC, 2009, 57, 2678-2690
MDPH puffing regimen and 50% vent blocking

For Camel KS, atp, ~ 0.028, Py ine(%) = 0.0062 + 0.0009%
For Marlboro KS, g, ~ 0.015, P, coune(%) = 0.0037 £ 0.0014

o Watson et al., JAFC 2004, 52, 7240-7245

ISO puffing regimen and 0% vent blocking
For Cigarette U (82% FV, 0.1 mg nicotine, 1 mg tar), oy, = 0.3,
(%) ~ 0.74% (exp. value of 0.76% for similar cigarette)

g nicotine
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Requlatory aspects of FBN determinations

Based on current information, SPME appears to be the
best technique for development of a standard method
for the determination of the amount of FBN in MPM

Several aspects of the technigue may need further

study and optimization
o Conditioning of the cigarettes to an equilibrium moisture

o Minimization of changes in MPM between termination of
smoking and sealing the CFP in the SPME sampling bottle

2 Minimization of changes in MPM during the SPME experiment

o Optimization of the procedure for determining the correction
factor for water content of the MPM
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Conclusions

SPME is currently the preferred technigue for the
determination of FBN in MPM

Insufficient conditioning of the cigarettes before
smoking may lead to FBN values that are too high
There Is the potential for changes in the composition of
the MPM from the time smoke collection ends to the
time the SPME experiment is finished

Correction factors must be used to account for changes
in FBN response due to changes In the water content of
the MPM
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