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Preparation of painting material

Definitions

The compos'-tion and yield of cigarette smoke is dependant on many

factors inclu.dins the way in which the cigarette is smoked, the type

of smolcing machine used and the methoas employed for condensation and

@oncentration. The methods used for the production of e=ke condensates

for this wor,chave been standardised.as far as is practical-and the type of matirial

used for paintin,-strictly defined.

Smokina Parometers All the smoke condensates used in this work have been

prepared from s=ke usina the following smoking parameters:

Puff volume, 25 ml.; Puff duration, 2 seconds; Puff interval, l.miniite&,

Butt len-th, 20 mrii.

These parameters were chosen to simulate the ma=er used by the

average habitual cigarette smoker in the United Kingdom (Bentley & Burgan,

T.R.C. Research -%per No. 4.)

'.-.qioleSmoice Condensate is defined as the material remaining after

condensine- the whole smoke from cigarettes smoked with the standard

smokin- parameters on a Rotary Smoking l@achine and using the particular

trappin,w,system described below.

rlon-volatile ';IholeSmoke Condensate (IM@ISC) is defined as the anhydrous

residue remaining after an acetone solution of 'vlh6leSmoke Condensate has

been evaporated to constant weight on a Rotary Evaporator using a boiling

water bath and a water suction pump operating at 10 inches of mercury vac=.

istale 'LIholeSmoke Condensate (S.U.S.) is defined as non-volatile whole

0
smoke condensate which has been stored at -20 C for a period of four to

eight weeks after production of the orional smoke.

Freslily @pplied Smol-,eCondensate, (F.A.S.) is defined as the material remainin

after the concentration of an acetone solution of whole smoke condensate

(not more than 2!4hours old) in a Rotary Evaporator on a water bath at

40
0
C, and at the full vacuum of a water pump until it reaches the

concentration for painting at the highest dose rate. The material C=>

is painted on the mice 24 hours after the smoking of the cigarettes. C)I%

;IeutralFr-)ctiom(N.F.) is defined &a the material which is recovered

under standard coaditions after the ethereal solution 6f whole smoke
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condensate has been extracted with aqueous hydrochloric acid and aqueous

potassium hydroxide solution.

Measurement of doso All doses of condensatesused for paintims are

expressed in terms of equivalent mg. of non-volatile whole smoke

condensate. For example, in the case of the painting of freshly applied

smoke condensate (F.A.S.) at 100 m,,-equivalent dose the same aliquot is

taken of the concentra@ed solution as would yield 100 mg. of non-volatile

whole smoke condensate if taken to constant weight under the appropriate

ionditions, Similarly the amount of neutral fraction (N.F.)painted

at 100-mg. equivalentdose is that amount of neutral fraction produced

from the kopropriate quantity of whole smoke conden'satewhich would give

100 mg. of non-volatile whole smoke condensate. Similarly,alsothe amount

of stale whole smoke condensate (S.U.S.) painted at 100 mg. equivalent-

dose is that amount of stale whole smoke condensate produced from the

appropriate quantity of whole smoke condensate which would give 100 mg.

of non-volatile whole smoke condensate.

Smoking Procedures

@l-aterials

Cir,,arettes Standard medium size plain cigarettes (lengtht70

circumference,25-3 =I-, weight, 25.2 cigarettes/ounce)were specially

manufactured for this work from mixed blends of flue-cured tobacco commonly

used in cigarettes smoked in tlleUnited Kingdom. The cigarettes were

in batches of 50 in vacuum sealed tins and stored at 400F. The seal was

not broken until just prior to smoking.

Acetone Reagezzt grade (Yjay& Baker)

ADparatus

Smoking 1.;achine The smoke used in the preparation of all condensates

was prepared using automatic rotary smokiav,machines designed by B.W. Harris

of the Imperial Tobacco Co. Ltd..(obtiimble from R.U. Mason (x-Agineers),

i.'oorLane, Clevedon, Somerset). These machines were designed ap that each

of 24 cigarettessecured in holders situated round a revolving disc is co=octed

intermittentlyto a source of vacuum. The mechanism is such that individual

ci.ma.rettesreach the smoking station at the top of the disc once per minute

a-ndare held in position for 2 seconds. The uir flow is set at 12-5 MI-

per see by means of a bubblemeter (No. P107, Cigarette Components Ltd.,

21-24 ChisvtellStreet, London, E.C. 1), and can be adjusted by the needle C=)

valve on the knparatus before smoking is carried out. Any changes in air

.'lowoccurringduring smoking are correctedby resetting this valve to

give the correct reading on the calibrated rotameter on the smoking -

machine. C:)
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Li7.itingand SmokinT Procedure The disc of the smoking machine is loaded

w@---h24 cigarettes and each cigarette is lim.,htedby holding an

Ielectricallyheated coil agai;astthe open end during the 2 seconds that

a:@zis drawn through at the smoking station. tiheaindividual

c',;aretteshave reached a butt length of 20 =1 the stubs are removed

i-=espectiveof positionson the disc and replaced with fresh cigarettes.

T:--esecigarettes are @ighted as they reach the smoking ppst. The

le--th of butt is read on a scale colibrated in mm. printed down the

lea,-thof the cigaretteo

Cc!-lectionof Smoke Condensate' The smoke is passed througbl,aseries of

fo-arglass traps cooled in a mixture of acetone and cruahed solid

ca.rbondioxide. Each trap consists of a vessel 25 cm. long x 7 cm-

al=eter with a B50 socket and carryir4-a two necked (Bl9) adaptor.

T'zesmoke enters the trap via a central tube (-q& I-IF1512), passing

I.'---ouzhthe vertical neck of the adaptor and extendingto 2 cm. from

t'--ebottom of the trap and leaves via the side neck of the adaptor. The

are connected to each other and to the smoking machine by short

le=gths of PVC tubing. Traps 3 and 4 each contain lOOg of glass helie.ea

diam. sincle turn) to assist condensation. After smoking the

rel,.Lisitenumber of cigarettes to yield the appropriatequantity of smoke

condensate for a Given experiment, the glass traps are removed from the

ccolirz mixture and allowed to attain room temperature. The condensed

s=ke is washed from the traps and connecting tubes with acetone (about

c,CQ ml.),the washings filtered through glass wool to remove any helices

a=d a suitable aliquot of the rea-ultingsolution removed for the checking

ollsmoke yield by determinatiqn of nicotine. Over the two years of the
44,0rC'.2,@l14

exmerimentsdescribed in this report involving the smoking of 4 'cigarettes,

t.:-.eaverage yield of nirotine was 1.61 mg/cigarette with a range of 1.30 -

1.91 mg/cigarette.

z:=coveryof non-volatile whole smoke condensate

The solvent is removed from the final acetone solution obtained

@--ciathe collection traps in a weighed flask on a Rotary Evaporator using

a boiling water bath and a water auction pump operating at a vacuum

of 10 inches of mercury. Evaporation is continueduntil the non-volatile

residue attains constant weight. The average yield was 2lo5l mgg/cigarette

Y4-tha r&age of 17-7 - 24.8 mg./ciaarette. 01%

of I-louseskin Painting Solution of Stale Whole Smoke Coadensate (S.W.S.-),j
.All non-volatile whole smoke condensate prepared I= a period of four...@
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weeks is bulked to make a sin-le sample and stored for:a further

four weeks before use. On basis of the yields of IM-ISCdetermined

at the time of smolcin-,painting solutions are prepared by dissolving

the Stale ilholesmoke condensate .iithconstant stirringin 9:1

aceti.)ne/water(v/v) and taadeup to volume (-,rml.) iitL

the same solvent mixture. The standard dose volume of painting

solution for thq mouse skin test is 0-3mls-per mouse. Thus$ if the

amount of equivalent ?MISC to be applied to each mouse is w mg.

(100, .50or .25mg. and the batch weight is V mS. then V W x 0.4

PreDaration of House Skin Painting solution of FreshlY App3.iedcondensate

Usina the average yield per cigarette of WDSC obtained i@ithe

production of material for the preparation of old #smokecondensate

during the previous four weeks, the number of cigarettesis calculated

which a--erequired to be smoked to produce the correct amount of F.A.S.

smoke condensate for the particular painting, This number of cigarettee

is smoked and the smoke condensate collected and the traos washed out

with acetone in the standard mnnner. All F.A.S. for one day's painting

is bulked,ciixedthorouchly and an aliquot of this solutionis taken

for nicotine determination to check that the correct smoke yield

has been obtained. The btiltof the solution is then concentratedin

a rotary evaporator usin- a water bath maintained at 400C and the full

vacuum of a water suction pump until it reaches the concentrationfor

paintino*at the highest dose rate, an adjustment made for water content

&ad divided into three parts for dilution for the three dose levels.

The necessary smoking is done on @iondays,Tuesdays and Thursdays

and the condensate washed from the traps, concentrated and diluted

on the following morninza.

Example of Freshly Applied Smoke Condensate preparation calculation

Total number of mice to be painted 1200

Dose levels 100 mg.; 50 mg.; 25 mg. equivalent NVDSC

Number of dozes at each dose level 440

(400 + 10@;for wastage)

Dose volume of painting solution = 0-3 ml-

Volume of painting solutions requirerl(440 x 0-3 ml-)

132 ml. for each dosi level.

Before i.,akingthe 50 mg. & 25m-.,-,./dosepainti.ngsolutions,the

tct'&lbulk solution is diluted to the concentrationof the highest

dose level, i.e. 333-33 m&@ml- (100mg./O.3ml.)
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Totalvolumeof solution-2cone.of 33-3mg./ml= 231 ml-

Made up of solution for 100 mG. dose level = 132 ml.

solution for 50 m-. dose level = 66 mi.4.@-
solution for 25 mg. dose level = 33 ml.

231 ml-

231 ml. 4 3@.3 mg./ml. = 77,000 mg. equivalent=iSC.

AversZe yield of IWISC obtained from cigalrettes,rmokedover

the previousfour weeks = 20 mg./cigarette.

Cigarettesrequired to be smoked = 77,090/20 3,830.

Thus the acetone solution of the smoke condensatecollected

from 3850 cigarettes is concentrated to 200 ml. and the appropriate

amounts of acetone and water are added to -give231 ml- volume of solution

in approximately9:1 acetone/water(v/v). The actual volume of water

to be added is arrived at by assuming that all the waterin the ori,,-,inal

condensatehas been removed during concentrationand that the specific

gravity of smoke condensate is 1.0. i.e. the final solutionof 231 ml-

33-3 m7-/ml- is made UP Of 77-0 ml. smoke condensate+ 154.0ml.

acetone/water9:1 (v/v). Thus 15.4mi. of distilledwateris added

to the 200 ml. of smoke condensateconcentrateand t;2esolutionmade

UP to 231 ml- with anhydrous acetone.

The solutionis dividedin three portionsof 132mi. 66. & 33 mi.

The firstportionis used undiluted(100 mg.10.3ml.),the other

two portionsare dilutedto 132ml. with 9': 1 acetone/water(v/v)

to give the paintinzsolutionsat 50 mg/0.3MI. and 25 Mg-10-3ml-

,levelsrespectively.

PreDarationsof neutral fraction

Rea!!ents

Diethylether Redistilledperoxidefree Reagentgrade.llayand Baker.

(Treatedwith sodium to remove fluorescentmaterial).

HydrochloricAcid ZN aqueous solution. (AnAla

PotassiumHydroxide 3;o'IIIVaqueous solution made from Reagent grade

grade reagent (1-lay& Baker).

I-',ac,-nesiumSulphate Dried I-lagnesiumSulphate (BritishDrug Houser,)

Procedure

The smoke condensate froiist'.znownnumber of cigarettes (about

2,000) is washed from the traps into a aeparatingfunnelwith a

minimumof 1 litre of ether and 900 ml. of 2N hydrochloricacid.
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The mixture is sliadcen,allowed to separate and the aqueous layer drxdn

off into a second separating funnel. Further extractionsare carried

out (2 x 200 ml., 5 x 100 ml. ZN HCI) and the combined acid extracts

a,@-9washel with 2 x 100 xl. etl.ar,the Ltlier being added

to the bulk ethereal solution left in the original separating funnel.

The combin6d ethereal solution is vigorously shakrn with 200 ml.

Yl;(W/T)aqueous potash solution and the mixture allowed to stand for

1-1hours. The Iqueous layer is drawn off and further extractions are

cari-iedout (1 x 200 ml., 5 x 100 ml., (w/v) KOH). Little

emulsificationoccurs aiter the first extraction and the two layers

separate in a few minutes.

The final ethereal solution is dried with anhydrous magnesium

sulpIL-ite,filtered and the solvent removed in a Rotary evaporator

using a water bath at 4ec and a water suction pump.

The averaae yield of neutral fraction was 6.68 mg./cigarette

(36.6c,LNvl-/SC)with a range of 5-00 - 7-88 mg./cigarette (23-3 - 36.6%

U74SC).

A check to determine that the correct yield of smoke condensate

had been obtained during the original smoking was made by carrying out

a nicotineassay of a suitablealiquot of the acid extract.

.Preparatio.,iof iaousepainting solution of Neutral Friction

Batches of neutral fraction produced over monthly periods are'

bulked and the amount of whole smoke in terms of equivalent NT,.ISC

used in the preparationof the single sample is calculated from the

total number of cigarettes smoked and the averaae yield of NVI.J3C

obtained for old smoke condensate over the previous four weeks. The

bulk sample of neutral fraction is disr-olvedin 9:1 acetone/water

(v/v) in the same manner as for old smoke condensate and the solution i

diluted with the same solvent mixture to give three painting solutions

containing the neutral fraction obtained from condensate equivalent

to 100 mg./O.3 ml., 50 mc./O.3ml. and 25 mg./O.3 ml- Z;VVSCrespectively.

f;icotineAssay The nicotine determinations done onthe smoke

condensate obtained from every individual smoltinoas a check on

smokin.-oorformance and extraction offi iency have been carried ou
I ( 9SO)c 4L

using the method of '@tillattset
[LiA

as modified by Laureno Harrelg-

CD

CY"
r
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2Q'.

Prepa--ationof mouse naintina solutions of Stand,:xrdCarcinogens

3.4 BenzpZreie

9:10 Dibenzaithracene

iwo weeks *Upply of 0.1ia'%,i/vsolution in AR acetone of each

carcino.-enwas prepared and the solutioh stored at -2o*c in the

dark when not in use.

BATCO document forProvince of BritiShColumbia 6 November 1999

BATCO 00089726



RES!7i,T

r:uct n4-cescarily be souf.-Jitin the

co,:@!)Utcr ito@ievercertain Eenerili!:.ctionz

e treati,itntstlicrc.,t-rtly,t-iiti.!i-th;@llt)-,re

i-r@:-7,,ronoerelritinn.@ll-iin;in other worfls the

i.nrecon--cnna'@oarillic(ltlzcr-ioretumottrs rcsult-.. Yiut

the efj'cct of t)i(wtl-.re(,t-r--l..:i-@n:(,:itr,aL any

e the ncu'.ral fraction --Dpcirs '6o

',icthe leac@@ po,.4erj'ul. -'lil-liit%,ariations 3.n rcc;t@on,-.o

,13'ije'.i.ieenthe oL'I-jcr treit:::cntobut

c,irciz,,o,:c-ii.r-5tyexists in.ill ti'ireL-.

4'heiinal ,@iordro--tsviithLhe coliputer,

-;@tm!i,rbc rz,,i(Ithat L'!@c:-i -.!&rcamticipatcl Ly

ii-.-.ontlif--ei-,-6:.nerutionof

-o,:illo.:-ataas t',ey firgt occurred.

C:)

CDN
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DISCUSSION

It was not the intention in planning this experiment

to investigatethe details of carcinqgenesis- the

comparative par@s played by initiating and promoting agents,

the pathways by which carcinogenic agencies reach susceptible

cells, the influenceof genetic factors, the nature of the

susceptibilityto cancer of individuala@@s, of tissues

and of cells etc. It was thought sufficient for present

purposes to consider the concept 'of carcinogenicity as being

merely the obvious capacity of the material applied to give

rise to tumoursat the site of application. What is meant

by lt=our' and 'siteof application'in this connectionhas

been described above.

With regard to the statistical treatment it may be

sufficient to say that the same techniques have been used

as have been applied to human cancer epidemiology.

I,Ihathas been described therefore is why this work

was attempted, how it was done and what valid conclusions

can be drawn from the results. To add anything further

would seem to be contrary to Occam's principle, "Losentia

non mmt imultiplicandapraeter necessitatem".

Ln
-_j
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SUIID.:LRY

A study has been made of the carcinoge nicity of

(1) freshly prqpared cigarette smoke condensate when

applied to the skins of I.C.I. mice. This carcinogenicity

w as compared with that following the application at

equivalent dose rates of (2) a condensate which had been

evaporated to constant weight on a water bath at 1000C and

subsequent kept for over a month and (3) the neutral fraction.

Reference to the computer tables will show that in spite

of variations in relative carcinogenicity as between these

treatments at different dilutions, substantial carcinogenicity

remained in (2) and (3). From which it is to be concluded

that the tar yielded by the average British cigarette

contains material which is carcinogenic to mice and further

.thatthis material is not easily separated from the tar.

c::>

cc
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L'EG-riDS

Fig. 1. -A smoking machine with traps.

Fig. 2. PenetriLti= of the muscle of the

pa=iculus camosus by groups of

epi@helial cancer cells. M;Lg.x 400.

cr%
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