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Outline for presentation

 Background
 Objectives for the presentation
 Conclusions
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Background

“What is remarkable, however, is the dreadful taste 
cigarettes with such filters develop in their later 
puffs.”

M. L. Reynolds, Brown & Williamson Tobacco Corporation
Influence of Filter Additives on Smoke Composition
Symposium on Physical Parameters Which Affect the
Composition of Cigarette Smoke
32nd Tobacco Chemists’ Research Conference
Montreal, Canada
October 30, 1978

On describing cigarettes made with CA filters that had a zinc salt added 
to the plasticizer to reduce HCN deliveries



2006 TSRC #69 ©2006 J. H. Lauterbach 4

Objectives for the presentation

 Working definition of selective filtration

 Review the importance of selective filtration to the 
development of PREPS based on conventional 
cigarettes

 Review some of the patents issued since 1978 
describing selective filtration where the effective-
ness of the selectivity has been documented

 Estimate the effect of intensive smoking regimens 
on selective filtration
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Working definition of selective filtration

 For the purposes of this presentation, selective 
filtration will be defined as reduction of the 
delivery of a toxicant in mainstream cigarette 
smoke (MSS) without significantly decreasing 
the mainstream nicotine delivery under a given 
smoking regimen

Note:
Ideally, selectivity should not be decreased as 
when products are tested under more intensive 
puffing conditions and/or the blocking of filter 
ventilation is required
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Selective filtration & PREPS

 Some aspects of MSS toxicity can be addressed 
through blending and/or processing
 Use of low TSNA tobaccos
 Reduction of precursors through processing

 Nitrate reduction
 Protein reduction

 However, selective filtration required for others
 Reduction of cytotoxic agents

 Acrolein
 HCN

 Reduction of carcinogens
 1,3-butadiene
 Acetaldehyde
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Selective filtration to reduce MSS toxicity

 This is not a new topic
 Examples date back at least to early 1960s

 Chemical measurements

 Biological measurements

 However, determining changes in MSS toxicity 
due to selective filtration may not be as easy as 
determining changes in MSS chemistry

 Showing changes through human biomonitoring 
may be even harder
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MSS Chemistry -- µg/40 mL puff

10 ± 0.711 ± 13 ± 0.3Benzene

4.9 ± 0.36.1 ± 0.31.4 ± 0.2Butenone

15 ± 118 ± 14.3 ± 0.4Methyl ethyl ketone

7.1 ± 0.58.4 ± 0.71.9 ± 0.2Methyl furan

14 ± 118 ± 15.5 ± 0.4Acrolein

52 ± 365 ± 421 ± 2Acetone

5.6 ± 0.46.9 ± 0.53 ± 0.3Furan

9.9 ± 0.612 ± 14.5 ± 0.4Propionaldehyde

67 ± 476 ± 620 ± 2Isoprene

113 ± 7144 ± 986 ± 6Acetaldehyde

No filterCACA/Ch/CA

Adapted from Newsome, Norman & Keith 1965 TCRC, Paper #26
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MSS cytotoxicity with KB cells

Cigarette A = CA/Carbon/CA Cigarette C = No filter

Cigarette B = CA/Empty/CA

Thayer & Kensler, Science 1964;146:642-4
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Cytotoxicity in both TPM & GVP

 Equal weights of particulate matter (TPM) had 
different biological activity when Cambridge filter 
trapped materials (e.g., TPM) were compared
 TPM from nonfilter cigarette had similar toxicological 

properties to CA-filtered TPM
 TPM from cigarette with CA/Ch/CA filter less toxic 

than TPM from CA-filtered product
 This implied that charcoal adsorbed semivolatile toxic 

materials that were in rapid equilibrium between 
particulate and gas-vapor phases

 Differences in toxicity could have been due to 
differences in TPM concentrations of cyanohydrins
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Measuring effectiveness of selective filtration

 Human biomonitoring may be best approach
 Takes into account different smoking behaviors
 Difficult to do correctly, costly, and time-consuming

 More traditional approach beginning with MSS 
chemistry under normal and intensive conditions 
including block of filter ventilation, if any

 Traditional approach also includes in vitro and in 
vivo toxicology assays
 Assays used under both ISO & intensive regimens
 Sometimes unexpected results occur

 Changes in procedures analytical vs. bioassay
 Changes in rodent breathing rates with changing composition



2006 TSRC #69 ©2006 J. H. Lauterbach 12

Changes in rat RD50 values with different filters
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Are likely the result of differences in chemistry
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Selective filtration materials then and now

 In his 1978 Symposium paper, Lance Reynolds 
listed the following selective filtration materials 
as being in commercial use in 1977
 Cellulose acetate
 Triacetin & triethylene glycol diacetate
 Polyethylene glycol
 Activated carbon
 Modified Duolite A-7 (ion exchange resin)
 Magnesium silicate

 Is this list any different today?
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No new selective filter materials in use?

 While there are numerous patents issued and 
pending for selective filtration, nothing 
apparently in commercial use other than 
different varieties of carbon 

 Cost and time for getting new materials qualified 
may be one reason for lack of commercial 
introduction

 Another reason may be degradation in filter 
performance when cigarettes tested under 
Massachusetts and Health Canada regimens
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Examples from patent literature

 Hard to find recent literature that gives detailed 
smoke chemistry along with nicotine deliveries
 Cost of detailed analyses
 May not show effectiveness of technology
 Biological data apparently not given

 Reductions in toxicant:nicotine ratios under 
different smoking regimes important as those 
ratios used as measures of effectiveness

 Apparently no examples in patent literature with 
details on selective filtration under intensive 
conditions
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Patent example – US 5,839,339

Banerjee et al., “Low CO Cigarette,” November 24, 1998



2006 TSRC #69 ©2006 J. H. Lauterbach 18

Patent application publication – US 2005/0257798 A1

 Treated PUF filters
 Solvent extracted to 

remove impurities
 Form “plurality of reactive 

radicals”
 Smoking procedure

 Repeated 30-40 mL puffs 
smoked into impinger 
cooled in liquid argon

 No puff count data given 
but “approximate samp-
ling time was 1 minute”

Hsu, “Filter capable of trapping carcinogens …,” November 24, 2005
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Charcoal efficiency and flow

Adapted from Tokida et al., Agric. Biol. Chem. 1985;49:3109-13
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ISO versus Health Canada smoking regimen

Adapted from Laugesen & Fowles, Tobacco Control, October 2006
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Conclusions – 1

 Almost thirty years after the Lance Reynolds 
1978 review, there appears to have been little 
change in the materials used to achieve selective 
filtration
 Resources required for qualification of new materials
 Performance under intensive smoking regimes

 While numerous patents issued for selective 
filtration, data to show that they give decreases 
in toxicant concentrations not accompanied by 
decreases in nicotine concentration may not be 
available for intensive smoking conditions
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Conclusions – 2

 Very recent article by Laugesen and Fowles 
presented data that showed difficulty of 
achieving meaningful selective filtration under 
Health Canada smoking conditions

 Laugesen and Fowles expressed doubts as to 
whether meaningful toxicity reductions could be 
achieved through use of selective filtration


