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Bad<ground

Gas-particle partitioning theory has become
more important as it can help predict
behavior of systems for selective filtration of
cigarette mainstream smoke (MSS)
However, its misuse for describing the
partitioning of nicotine in MSS continues
Also, there are still those who believe that the
endogenous reducing sugars in tobacco as
well as added reducing sugars do not react
with ammonia or salts of ammonia such as
DAP and ammonium bicarbonate
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ODbjectives
Review reactions of ammonia and its
compounds with reducing sugars

Review gas-particle partitioning theory as
applied to MSS
Show the influence of particulate-phase

water on the gas-particle partitioning of
components of interest in MSS
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Refreshe on anmonia andobaco — 1

The tobaccos used in most American blend
cigarettes contain reducing sugars at more
than 10,000 ppm

- Sugars endogenous to the tobaccos
-~ Sugars added during tobacco processing (e.g.

blend in KY1R4F contains over 5% reducing
sugars)

When ammonia or certain ammonium salts
(e.g., DAP) are applied to such tobaccos,
they react with the reducing sugars yielding a
series of heterocyclic nitrogen compounds,
including polymeric materials
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Refreshe on anmonia andobaco — 2

This is not new information

E. D. Alford, 12/18/85, PGS-B078-85, Document ID 621037015-62103718 available
at http://www.tobaccodocuments.org
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Refreshe on anmonia andobaco — 3

Some other references to sugar-ammonia

Chemlstry relevant to tobacco
K. Agyei-Aye et al., Carbohyd. Res. 2002 337: 2273-2277
M. Dube et al., US Pat. No 6,440,223, 8/27/2002

+ Saint-Jalm et al., CORESTA Congress 2000, ST9

- J. White, T. Perfetti, US Pa. No. 5,121,757, 6/11/1990
R. Cox, et al., US Pat. No. 4,638,816, 1/27/1987

+ 8. Tafur, PMUSA memo, 7/23/1985, Doc. ID
2022253495/3501 http://www.pmdocs.com

- D. Lynm, RUIRT memo, 12/17/1984, Doc. ID 511822571 -
2581 http:www.rjrtdocs.com

Bottom line is that ammonia reacts with
reducing sugars, not nicotine
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Refreshea on gasparicle parttioning— 1

When we think of gas-particle partitioning
applied to MSS, we think of J. F. Pankow of
Oregon Graduate Institute, but S. L. Vekris of
BAT developed theory in November 1965
(http://bat.library.ucsf.edu/tid/oqb02a99)
© ¢,/c, = (1.6 x10° x P x M)/T

c, is the concentration in vapor phase in gm/cm?

C,, Is concentration in particulate phase in gm/cm?

P is vapor pressure of component in mm Hg

M is number average molecular weight of TPM
T is temperature in degrees Kelvin
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Refreshea on gqasparicle parttioning— 2

Pankow’s theory of absorptive partitioning
yields a very similar equation

Kp,i = 760RT/10°MW ! ip"L’i = cp,i/cg,i
" Pg,i(%) = 100%[1/(1+Kp,iTSP)]

R = gas constant

T = Kelvin temperature
MW, = Number average MW of particulate phase

I. = Activity coefficient of i in particulate phase
p° ;= Vapor pressure of |

C,; = concentration of I in the particulate phase
C4i = concentration of I in the vapor phase

TSP = Concentration of particulate in the aerosol
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Refreshe on gasparicle parttioning— 3

With the equations on the previous slide, we
can estimate the how a compound partitions
between the vapor phase and particulate

phase of MSS with only a few pieces of data

- Estimate of the vapor pressure at the temperature
for smoking for the compound of interest

- Estimates of TPM, water, nicotine, PMWNF, and
puff count under the given smoking conditions

However, there are some interesting effects
on going from ISO to Massachusetts DPH to
Health Canada smoking conditions

© 2005 J. H Lauerbadh 2005 TSRC #57 10



Effects of pariculate-phag water

TPM Nicotine Water PMWNF Puffs MWom TSP Kp Nicotine
KY1R4F | (mg/cig) | (mg/cig) | (mg/cig) | (mg/cig) (g/mol) | (ug/m?® | (m*ug) | Pg(%)
ISO 10.5 0.75 0.76 9.00 8.45 130 3.55E+07 | 6.81E-06 0.41
MDPH 25.8 1.47 5.11 19.2 12.7 47.6 451E+07 | 1.86E-05 0.12
HC 441 1.88 15.4 26.8 11.3 455 7.12E+07 | 1.94E-05 0.07

Smoke constituent yields adapted from M. E. Counts

etal. , Regul. Toxicol. Pharmacol.

2005 41:185-227

These estimations show that on going to more intensive smoking
conditions, it is more difficult for semivolatile compounds to enter the vapor
phase. This phenomenon works against selective filtration of semivolatile

constituents in MSS..

The assumptions made for these estimations were that the activity

coefficient for nicotine in TPM was unity (y =1) and that the average
molecular weight of PMWNF was 262 g/mol. Temperature was assumed to
be 298°K

These estimations gave a Kp value for nicotine under MDPH conditions of
1.86E-05 m3/ug
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PortlandStaton—1

In 2004, James Pankow and associates at
Oregon Graduate Institute published an
article in Chem. Res. Toxicol. (17:805-813)
giving K, ; and !, for several semivolatile
compounds, including nicotine, in MSS
reportedly collected under MDPH smoking
conditions (TSP ~ 4.5E07 ug/m3)

Based on the average results for two popular
US FF KS cigarettes, they reported a K, for
nicotine of 8.91E-06 m3/ug at 293°K (5.09E-
06 at 293°K) and ! of 0.8
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PortlandStaton — 2

Based on Pankow’s estimates, Pg(%) for
these products was about 0.43%

Based on the smoke constituent data of
Counts et al., the following estimates were
obtained (y =1)

+ TSP =8.10E07 ug/m?3

© K, =1.69E-05 m3/ug

+ MWom = 52.4 g/mol

- Pg(%) = 0.07 %

This again shows that Pankow’s syringe-
smoking and sampling-bag methodology is

giving incorrect results
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Bethesda Saton—1

Bethesda, Maryland, was an unexpected
stop on our journey from Portland to Atlanta

Bethesda is home to the Life Science Research
Organization (LSRO)

One of the LSRO's projects is a Review of
Ingredients Added to Cigarettes

Part of that work has been documented in a book
published in 2004 by the LSRO: PHASE TWO:
SCIENTIFIC CRITERIA FOR THE EVALUATION OF
INGREDIENTS ADDED TO CIGARETTES

In one of the appendices in that book, several
hypothetical ingredient evaluations are given
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Bethesda Saton — 2

In this hypothetical example given, a new
ingredient known as Substance G reportedly
Increases consumption 2X when applied to
tobacco at 1%

Citation was to a 2001 Pankow article in
Chem. Res. Toxicol. (14:1465-1481)

That article did not present new experimental
work, but drew unsupported conclusions from

his work and work of others
Those conclusions have since been shown to

be false by several research groups
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Atlanta Saton—1

We finish our trip at the CDC lab in Atlanta to
review recent research on unprotonated
nicotine in TPM (Watson et al., J. Agric.
Food Chem. 2004 52:7240-7245)

There researchers have used an SPME
technique to determine what they claim to be
the unprotonated nicotine in TPM

They reported that under FTC smoking
conditions, no detectable nicotine passed
through the Cambridge pads (LOD ~ 4 ug)
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Atlanta Saton—2
SPME Procedure

5 cigarettes reportedly smoked under FTC
conditions with TPM trapped on Cambridge pad

- Pad with TPM put in 20 mL septum vial, internal
standard (toluene-dgy) added, and sealed

- Carboxen/PDMS SPME fiber exposed for 1
minute before GC/MS determination of nicotine

- Quantitation from reconstructed ion
chromatograms from nicotine and toluene-d,

- However, authors noted that response factors
decreased with increasing TPM
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Atlanta Saton — 3

One assumption that has to be made is that
procedures did not create artifacts

- Claims of similarity with Pankow’s data, but FTC
instead of MDPH

-~ For full flavor products there was an apparent
directional trend of the reported unprotonated
nicotine with FTC “tar” (taken from an FTC report)

It is iImportant to note that only experimental

values tabulated were percent filter

ventilation. Other values only charted
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Atlanta Saton-4
Watson'’s bar graph
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Atlanta Saton—-5

Watson’s work showed the expected

Alpha fb versus Reported FTC "tar"

806LN(x) + 0.2606

Alpha fb
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Condusons—1

There is ample evidence that when ammonia
or its compounds are added to tobacco
blends containing reducing sugars, the
ammoniating species react with the sugars
Semivolatile compounds in the MSS aerosol
partition between the vapor and particulate

phases as predicted by theory
On going from FTC/ISO to MDPH to HC smoking
conditions, TSP generally increases as does
water as percent of TPM

- The factors tend to keep semivolatile compounds
In the particulate phase
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Condugons—2

Continuing efforts to change experimental
conditions to make the data fit perceptions
has given results that do not stand up to
scientific scrutiny

Some scientists believe those perceptions
without questioning the underlying data

Furthermore, there are those who continue to
press for more experimentation because of
statements in old industry documents
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Condugons—3

Efforts by researchers at CDC have
confirmed what has been previously known
about the influence of smoke concentration
and filtration on the volatility of nicotine

Furthermore, by excluding the smoke vapor-
phase from their analysis scheme, are their
samples relevant to real-world conditions?

One good point about their research is that
they have confirmed that very little if any
nicotine is not retained by the Cambridge pad
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Condusons—4

Continued vigilance is needed and more
research should be encouraged

- Research by scientists such as Jeff Seeman and
Brad Ingebrethen and their colleagues have been
very helpful in bringing out new evidence and
clarifying old results

- Research is still needed to quantify the acids in
both the vapor phase and particulate phase of
MSS

Has this been the last express to leave
Portland Station?
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