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»Whéhrﬁogécéoﬂ;s‘burnedgmost’offthe mstallic content remains in
31T;th3 ash élthough sﬁéll?éﬁéﬁtities_pass‘inté.the main S£ream smoke‘aﬁd
‘becbme ihcluded in the partiCulate phase; The presence of metalé in
the smoke nay be: due to (1) vaporlzatlon of metalllc compounds - chlefly
t?elr "hiC?;deS, or (2) due to mechanlcal entrainment of mlcrofragments
of ash or tebacco, or due to ‘both. In order to determine which mechanlsm :
Luist 7 ’magor fabtof, quantltatlve da ta én‘the'transfer’of variéus‘eleménts}} '
sre ootalned If the metal passes into the smoke by mechanical entrazn-
*”}ﬂént‘ then the relatlve proportlon of that metal to the other metals in
:‘uhe smoke ohould he nearly eaual to its relatlve proportiﬁn 1n the tobacco e

‘ti'If oni' tbe ot?er hand the transfer of ?he metal ocecurs as a res ult

';‘ﬂ"ﬁgb‘ tlon, of lts chlorldm fbr 1nstance, then- the relatlve propor— .

M

: ioﬂfﬁéﬂ?he metal i;isneke Wili va“y fran that in nobacco debendlng on
ﬁ théﬁd§éf§e:6f'it$_vqlatillty - i.e, dlfferences ini;he transfer'efflciencies
;vof'th; indi§i&ﬁa1;eléméhté'Wiil depend on the differences of the volatility

of their metalllc cdﬁpoﬁnds;‘ N

‘w”~ﬁg'ﬂéth0d3’

‘”1garettes tested were those of five popular domestlc brands, 70 mm h',

£1¥ 1n length and without fllters and were purchased in the summer of 1956,
" ‘Before: smoklng, the cigqrettes were condltloned and weighed Gonf
‘;audltlonlng was accompllshed by placlng them in 58% relative humldlty in
’,a hygrostat over dellqnescent sodium. bromlde with a resulting moisture content

k“:*fof 18.1‘ (moasured as loss in welght at 110° C: for 20 hours)

CKE anadaca o



2.

;es‘ffom ono‘oérfoﬁ;of‘each‘brand%were ﬁoighéd aod piaced inogroups :

P inowéight~by7.0§(gr;m; The highest and lowest‘ﬁeight'oategories‘

e a "ﬁteoted . | | | |
The‘antomatlc smoklng apparatus, loaned by Liggett and Myers Tobacco

8., Was uPSlgﬂed for 1; c1garﬁttes, and in succesion 0. 2 second puffs

l?éxa taken_evory*oo seoonds;,_only-IB cmgarettQS‘were>used 1eav1ng 2 spaoes
i ‘ree to chcck‘ouff volﬁme which was about 35 ml. Ten puffs were taken
v}? sacuAcigar tje leav1ng a butt length of 2.0 to 2, 5 em,

| "hree ssmples of‘smokevgeregcoll cted

f ,f il F o:“ ‘*.fi‘ R rl from 117 01garsttes Brand A
S TR T ER. ,o#2 o m o130 oo B
| o #3 m o156 ow " of each of five

suardard brands, or a total of 780 olgarettes.

‘leé’wéra taken'from.

Tobagco,jjﬁo

o 41 - eoulvalent of cigareuteo 1n01ndinﬁ paper of Brand A
. 49 - B W L I wooon " B
b i n "o t ‘u’

" aach of

ke was coudersea in'a Gerwes of cold traps. The first seviES"
28 cm,, w1th a volhne of 1.7 11ters

[_ 1owed by uhrae "plral traps 21l connectea with" Eround nla

joints and’ Amm ersed in cooli ng baths. mbe first flask was in ice at about

:faﬁach the ouher flve were in dry-lce--—alcohcl baths w1th a tomperature

- 7208; T%e flasks were weighed before and after smoke collectionab

ftenmerature.

‘ mhe;cold traps were followed by two flasks packed w1th glass wool

”A‘“av1ng app"oy mate volumes of 500 ml and 125 ml raapectlvely.~ These were

’7"ﬂ'gheu oexore and afyer smoke collectlon te. determine the amount of illter--

rle cmoke eucaplng the cold traps.
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" and aboutfo‘l% in‘ﬁhELEeéond it was assumed, then, that about 96% of the
,otaT smcke was collected 1n t&e cold traps, and thls is the smoke that

was analyzed. About 87% of the total welght was in the three cylindrical

. flasks,

ing with redistilled écetone, 0.06NN hydrochldric’acid in S50% acetone,
ind water. - Io mentlon lc made in the arti cle concernlng the number of
% mes the traps are’ aashed or by wHat means it is déterm1ned that the

- smoké:haSVbe@n CHMDleuelv removed After removal of the smoke, the traps-

were finSéd" rith TOGﬂc of concentrated nitric acid which was saved and
ed la ter for dlgest*on cf the tobacco. . The smoke =olut10n‘was concern-"
ed by evanoratlon unﬁll the ‘acetnne was removed ”he averagb welght

ol s ke obtalned was 7 L mg per puff or Th mg ner c1garette._

Fple No 1 »nﬁ Hoo 2 one 01varatte cf tbeiﬁame welght grcup

tobacco sample. Tﬁus, for sample #l there were nine’

s swoked and therefere nine cigarettes mlxea together

Ly
B
,;‘*!‘

ahacco sample. ‘In‘sample‘¥2 these were‘ten‘groups and‘therezore

&n clga”e?t@s 1n ‘the cebacco sample,, In each sample .the cipafettes were

’;contner a;d the equlvalent of four c1garettes used for edch

Q”befsample for No. 3 was composed of one average c1garette of

Kveach of'ube five b“ands used.~-

.‘

Dig stlcn of the. crganic matter in the smoke and tobacco was begun '

"41tn dlluue nltric acid
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About L% of the total ﬁeight of smoke collected was in this first flask -

The smoke to Beﬂanalyzéd'WQS'wahhed from the traps by alternate rins-

: ?he csntrol tobacco sample was taken as faﬁnws' for each 13 rlgarettes 
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Successive evaporatzons after addltions of concentrated nltrlc acidee‘"
~‘ Jere then done until the samples were llquified This obviously applies
'tovthe~tobacco~samp1e, sincewthe smoke was already in solution. No men-
tion is made of the end p01nt for the dlgestlon of organlc matier from
‘,the smoke~sample, The soluticns were then treated with eqnal volumes of.
ewe”,water, concentrated nitric acld, and 72% perchlorlc acid, and then
ovaporated ThlS}VaS repeated ?ntil colorless or light yellcw solutionsi
resulted,vat'#hieh‘time thevsolutions were‘evaporated to near dryness,
’Hst;eiiute‘hydrécﬁloric‘acid was then eéded to the residue, the
;precipﬁtétedfsilica was filte?ed‘off and tHe resulting solutioné aadgf
up to a deflnlte volume (whlch was not stated) |
| The re«ulting solutions Were analyzed by establlshed photometrlc
“e:préeeduresew ua+f and K were determlned by flame phatometr" using the e

perkin - Elmer Mbdel 32-C’ Leaq was 1solated and measured colorlmetricaltye‘_

iwined by the melybdenum blue calcrlmetrlc te chn1que.~v"’v

; mept Sample JO.J  ‘ Micrograms pexr: Cigarette e Relative
= (urrt; : e Tobacco Smoke % Transfer. 3
O A 26800 13 0.50

o 2 27100 138 0.;
Na e T 870 - %.2 0 1.06
1 2 80 7.1 0.80
' T 1 1.0 1.8
2 3.3 3.9
j‘1ee7 0.31 bl
el 1.h 5.3
-3 0.0L6 3.5

Otber metals analyzed were calc1um, magnesium, aluminum, iron, man-

genese, copper, zinc, nlckel chromium

 From the wide range of transfer eff1c1enc1es found it was stated that
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oy extractlon wlth dithizone. Arsenic was: separated as arsine ard aeter- }€ ;f;f.x*
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S o o | s,
. vaporization was almost completely respomsible for the metellic material .~

«“*;;, s Vfound in smoke. Heehenicelfehtrainmént alone Waeuéhoughtto‘acéount'only_
for calclum, magneszum and -aluminum in the smoke,
10 explaln thls process of vaporlzation, it was pointed out in the

. dlscu551on that the temperature in the burnlng cone of a cwgarette is

,’ircm 830 to 920 C. Some metals with 1OJ boxling points such as arsenic,‘ S

"ylead 'and zinc?may undergo vaporlzation in the metalllc state. It was
felt that ether metals were transported as chlorldes. it is'knownvthat
"the a¢kall metal chlorldes are volatile at temperature below thelr b0111ng
"v301nts icn is lhlBOC for sodlum chlorlde, ISSOOC for potassium chloride
 3 :and 9;O°C fcr ;ead chlorlde,, Leed chloride vaporizes rapidly: above SSO C
"fand ‘the chlorlde and Qxide of trlvalent arsenic vaporlze below 700 0.2 
l,“he authors state that they'felt that the major part of the arsenic and

*ead found in the ‘smoke was from the insecticide applied to the tobacco ‘;v_°7

l‘g'PJen “he arsen1c-1ead ratlo in the c1garette is ccmparable to that in

tﬁ%he lead arsenaue inseetlclde.~'

’Q,_Sample No. Pb/cig.. (ug) - As cig, (ug) ~  Ratio As/Pb -
R R 031
T I A P hl“ ’ ’ 13,2 o 0.32
8 : ’ e oo 0132
”heoretlcal ratio Pb HAs Oh (1nsect1c1de) "‘;' PR 36

It was condluded that the total quantity of metalllc elements 1n

j"f-g}*'ze smokeﬁof one cigarette was. 150 mlcrograms, of which about 90% was ‘g
potassiumtand 5% was sodium and ‘about 1, S% lead.
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