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Researc@ & Development Centre,
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IMPROVED METHODOLOGY FOR THE DETERMINATION
OF PUFF-BY-PUFF DELIVERIES OF TPM, WATER
AND NICOTINE

REPORT NO.T.202

SUMMARY:

Several -.iethodsof determiningpuff-by-puffPMWNF deliverieshave been
developed.However,alluse smoke filterholdersmade ofPerspex(Lucite)and
hence 'U',eholderschange weight withtemperatureand humidity.Thisweight
instabilit@is a source of errorand variabilityinpuff-by-putfdeterminations,
wherein much lessparticulatephase is collectedin a holderthan in a
corresp.cndingdeterminationofcigarettetotalPMWNF.

This rec-ortdescribeshow a Borgwaidtrotarysmoking machine can be easily
madet'o;-:cceptlightweightnon-hygroscopicfilterholders(Gelman)which inturn
enable a more accuratemethod ofdeterminingwaterinTPM tobe employed.

lmptove.-ilentindataacquisibonand handlingare alsodiscussedand theuse
of the Eorgwaidtautomaticholderchanger in puff-by-puffdeterminationsis
descrit-ed.
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INDEX TERMS:

Mainstream Smoke
Puff-by-puffDeliveries
TPM
PMWNF
Tar
Water
Heinr.Borgwaldt
IsolationProcedures
Nicotine
Low DeliveryCigarettes
UltraLow DeliveryCigarettes

CoulometricWater Analysis
Gelman Sciences
Smoking Machines
Apple PC
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INTRODUCTION

As cigarettesbecome more sophisticated,forexample, inhavingnovelfilters,
itisincreasinglyimportanttobe abletomeasure deliveriesofsmoke components

on a puff-by-puffbasis. Using such measurements, theoriesof smoking
mechanics can be devised or verifiedand the effectivenessof new
developments,such as controlleddeliveryprofilecigarettes,can be confirmed.

Severalprocedureshavebeen devisedinBATUK&E involvingtheuseofdifferent
smoking machines,includingtheBAT 6-portmachine (1),theFiltrona300/302
machines (2),theMason Rotarymachine (3-5)and theBorgwaldtRM20C/S (6).

The proceduredevisedinR&DC usingtheBorgwaidtsmoking machine (6)
involvedtheuse ofthestandardBorgwaidtpuff-by-puffholdersand determined
mean puff-by-puffdelivedesofTPM from 15 cigarettes.The balance used to
weigh the filterholderswas linkedto an Apple microcomputerwhich was
programmed toplotTPM againstpuffnumber. Standard extractionand analysis
procedureswere used todeterminewater(7)and nicotine(8)intheTPM togive
mean PMWNF deliverieson a per-puffbasis.

This reportdescribeshow these procedureswere improved to enable more
accurateand precisedeterminationsof puff-by-puffdeliveriesofTPM. water,
nicotineand hence PMWNF tobe obtained.Inaddition,a personalcomputer
was programmed and interfacedto the smoking machine as wellas to the
balance,which resultsin much improved data acquisiton,handlingand
presentabon.
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DISCUSSION

(a) Improved Determination of Puff-by-PuffTPM Deliveries

The 44 mm filterholderssuppliedby Borgwalcttforpuff-by-puffdeterminations

weigh ca. 80 g and are made of Perspex. Our previouswork had proved that

conditioned*44 mm Perspex holderssuppliedfortheFiltronasmokingmachines

and weighing about 50 g containmore than 36 mg ofwater which can allbe lost

(fromtheoutersurfacesonly)by desiccationatroom temperature and pressure.

Loss ofsome of thiswater duringthe smoking procedure isresponsibleforthe

inaccuracyand high variabilityof TPM and PMWNF determinationsusing

Perspex holders(9).

Inordertodetermine whether the Borgwaidt puff-by-puffholdersare susceptible

tosimilarproblems,fiveconditionedholders,sealedwith rubberserum caps and

rubber bungs atfrontand rear respectively,were weighed, then storedin a

desiccatorover freshly-driedsilicagel (removingthem onlyforweighing).The

changes ofthe holderswithtime inthe desiccatorare recorded inT.-ble1.

'Wherever 'conditioned'ismentioned inthisreport,the conditionsare 21
and 60% R.H. C:)
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TABLE 1

WEIGHT CHANGES OF FIVE SEALED BORWALDT 44 MM

PUFF-BY-PUFF FILTER HOLDERS WITH DESICCATION

AT ROOM TEMPERATURE

Weight of WEIGHT LOSS (mg)

Condifioned After24 Hours After48 Hours After72 Hours After241

Holder Hours

(g)

80.7591 33.4 45.9 57.6 81.9
81.3327 34.4 47.2 57.0 82.6
81.4921 34.6 46.7 57.1 82.2
81.4774 34.9 46.9 56.3 82.3
79.9977 35.1 47.9 56.4 83.4

Mean Weight 34.5 46.9 56.9 82.5
Loss (mg)

The resultsshow thatsealed,conditionedBo(gwaldtpuff-by-puffholderscontain

an average of >82 mg ofwaterwhich can be lost,viathe outersurfacesonly,at

room temperature and pressure.The rubbersealshave previouslybeen shown

to be substantiallynon-hygroscopic(9). These findings,coupled with the

undesirabilityof determiningweight changes of a few milligramsagainsta

'background'tareof 80 g, rendertheBorgwaidt holdersunsuitableforaccurate

puff-by-puffTPM and PMWNF determinations.

The use of non-hygroscopicholders,such as the Gelman Smoke Filterwhich

weighs lessthan 6 g, has been found to be satisfactoryinsuch sftuabons(9).

PTFE adaptors were thereforemade toconnect the frontof theGelman holder

tothe Borgwaidt RM20C/S segment behind the puffingport,and toconnect the

rearoftheGelman holdertothepneumatic module (Figures1and 2respectively).

These adaptors were designed so thatthe holdercould be changed withinsix

seconds, as requiredby the earlierprocedure (6).

The useof theGelman holderwiththese modicationsproved entrelysuccessful.
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(b) Improved Extractionof TPM Priorto Water
and NicotineDetermination

Conventionalmethods of extractingwater (7)and nicotine(8)from small
quantitiesofTPM have been shown tohave significantdrawbacks which were
overcome by thedevelopmentof an 'insitu'extractionprocedure(10).This
procedurewas devisedforn,,n-h,,roscopicfilterhollers- specificallythe
Gelman filter.There would be littlepointinapplyingittohygroscopicholders
such as the Borgwaldtpuff-by-pufftype because of the possibilityof water
exchange between holderand solvent.

The'insitu'extractionofTPM inGelman holderswithspecially-driedisopropanol
(5 ml) isthereforemuch more suitableforpuff-by-puffwork thanstandard
methods ofextraction.

The proceduresare fullydescribedelsewhere (11)and were adoptedwithno
problems as partoftherevisedpuff-by-puffmethodology.

(c) ImprovedDeterminationofWaterandNicotineinTPMExtracts

Ithasbeenshown(10)thatooulometdcdeterminationofwaterinTPM has
severaladvantagesoverthewidelyused gas chromatographicprocedures(7),
especiallywhen smallquantitiesofTPM (and hence ofwater)areinvolved.

Nicotinedeterminationscan be carriedoutusingestablishedauto-analyser(8),
or gas chromatographictechniques(12).

i Fulldetails,includingcomparisons of the effectsof standardand revised
procedureson PMWNF deliveriesaregiveninan earlierreport(10).

(d) TheBorgwaidt'Twin-Filter'SmokeTrap

Borgwaldthavedevelopedanautomaticfilterpadtholderchanger(Iwinfilter'
smoke trap,PartNo. R25.00)which enablespuff-by-puffdeterminationstobe
carriedouton a fully-loaded20-portBorgwaldtmachine (Figure3).

a 1989 BATUKE. Do notcopyorshow tounauthorised persons.
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The devizeconsistsofa motor-drivencarouselwithtwo socketsforCambridge
filterholcers.One holdercollectsmainstream smoke and,ifa bag isattached,
vapour ,rase,whiletheotherisidleorbeingchanged ready forinsertioninto
the smcka stream while the smoking machine is indexingbetween ports.
Therefor=.almosta minuteisavailabletochange filterholderassembliesrather
than thez.ixseconds inthepreviousmethod.

By chancingpads twiceperrevolutionofthesmoking machine, itispossibleto
perform:uff-by-puffTPM and vapour phase determinationson two different
typesofr.-garettesduringthesame smoking run. Ifthesame two filtersareused
itispossi:letodeterminetotalTPM and vapour phase on two differenttypesof
cigarettetduringthe same run. The BorgwaidtTwin FilterSmoke Trap would
need tob---modifiedtoacceptnon-hygroscopicholdersforTPM determinations,
and itsccstmay notbe justifiedunlessa highsample throughputisenvisaged.

(e) lr,-arovedAutomatedDataAcquisitionandDataHandling

Anearlie..-report(6)describedthecapabilitiesofsoftware(preparedbyVlassek)
coupled -,vitha R&OC Basic Programme which enables an Apple 11
Microcor.-putertocalculatethemean weightofTPM-per-puffwhen interfaced
toafasteitomaticbalance(e.g.theMettlerAK160). Thisdatahandlingpackage
islimited=-ndmay giverisetoerrors.At thestartof smoking, theoperatoris
requiredt3enterthenumber ofcigarettes(usually15)and thenumber ofpuffs
tobe a=mmodated intherun(usuallya higherpuffnumber thanexpectedis
entered).i-heprogramme was designedtocaterforwhole puffsand dividesthe
totalTPU collectedper revolutionofthecarouselby the number ofcigarettes
loadedatitestartoftherun.Towards theend ofthesmoke run,some cigarettes
would be onlypart-puffedornot puffedatallas theirbuffmark isreached. If
the runisnotterminatedbeforethisoccurs,thetabulationand plotofTPM vs
puffnumter emerging fromtheprinterwillcontainerrors.

For most the TPM-per-puffincreaseswithincreasingpuffnumber
and cons-:quenuytheselaterpuffsorpartpuffsmake a significantcontribution
tothetotziTPM delivered.Therefore,ifthesmoke run isstoppedas soon as
onecigarsc',ereachesthelastpuffbeforeitsbuffmark, inordertoavoiderroneous
tabulationor ploftingby theprogramme, then the data generatedcannot be
relatedtoany totalTPWcigarette yieldwhich may have been determinedon
thesecigzrettesusingstandardprocedures(13,14,15).
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The lastpuffsand par,puffsmaybe importantinlormulatingorverifyingtheories
of smoking mechanics, or forvalidatingthe effectivenessof filtersdesigned to

producea levelprofile.The limitationsofthepreviousprogramme aresuch that
thisvitalinformationcannotbe obtained.

The developmentof a more versatileprogramme which overcomes these
problemsand whichhas been designedtooperatewithorwithouttheBorgwalctt
pad changer has been developedand isavailableon request.

CONCLUSIONS

'puffThe proceduresdevelopedforthe determinationof -by-puffdeliveries
produce resultswhicharemore accurateand precisethanearliertechniques.
Mean puff-by-puffdc-iive@esof TPM, water,nicotineand hence PMWNF can
now be determinedon cigarettesdeliveringfrom0.1tomore than3 mg TPWpuff
atpuffvolumes ranc;ngfrom 10 to 130 ml. With some modfficationspuff
durationsofup to4 secondscan be accommodated. Furthermore,meaningful
puff-by-puffPMWNF determinationson singlecigarettes(deliveringmore than
ca.10 mg/cig)arenow feasible.

In additionto the improvementsmade to the analyticalprocedures,
improvementshave beenmade tothedataacquisition,datahandlingand data
presentabon.

The procedureshave been used extensivelyinR&DC and arenow availableas
a standardanajyticalmethod.
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FIG. 1
T. 202

PTFE ADAPTOR FOR PUFF-BY-PUFF COLLECTION OF PARTICULATES

USING THE BORGWA LDT P M 20 C/S SMOKING MACHINE

REPLACEABLE SEALING SLEEVE

OF ELECTRICAL INSULATION

QUICKFIT 8 29/32
TAPER FRONT OF GEL)4AN

SMOKE FILTER

FROM SMOKING

MACHINE SEGMENT

FLANGE 50 THAI ADAPTOR

CAN BE HELD FIRMLY WHILE

CHANGING GELMAN SMOKE FILTERS

F16.2

PTFE ADAPTOR FOR CONNECTING BACK OF GELMAN SMOKE

FILTER TO THE BORGWALOT PNEUMATIC MODULE

FEMALE THREAD TO TAKE
ADAPMR ON END OF TUBING

LEADING. TO PNEU14AT)C

PISTON/ BARREL ASSY.

SACK OF GELMAN
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FIGURE 3

E30RGWALDT AUTOMATIC HOLDER CHAi'JGER (R 25,CO)

MOUNTED ON AN RM 20/CS SMOKING MACHINE
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