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PHYSICAL PROPERTIES OF CIGARETTE SMOKE

PART I t  GENERAL DISCUSSION OF RESULTS

This p r o je c t ,  i n i t i a t e d  in  June 19539 has as i t s  prim ary o b jec tiv e  

the  s tudy  of the p h y sica l p ro p e r tie s  o f smoke from Old Gold and Kent c ig a ­

r e t t e s .  The p ro p e r t ie s  of the smoke p a r t ic le s  o f p a r t ic u la r  i n t e r e s t  a re  s ize  

d i s t r ib u t io n ,  c o n c e n tra tio n , p h y s ic a l s t a t e ,  and behavior on f i l t r a t i o n .

Answers to  th ese  qu estio n s  w i l l  no t only provide in fo rm ation  of genera l funda­

m ental i n t e r e s t  b u t w i l l  a ls o  y ie ld  data  to  he lp  in  the  sy stem atic  development 

of improved smoking p ro d u c ts . For in s ta n c e , p a r t ic le  s iz e  d is t r ib u t io n  and 

c o n c en tra tio n  are  very im portan t in  th e  developm ent of f i l t e r - t i p  c ig a r e t te s .  

The p h y s ic a l p ro p e r tie s  of smoke p a r t ic le s  a re  c lo s e ly  r e la te d  to  co lo r and 

appearance o f smoke, i t s  t a s t e ,  and the degree of i t s  r e te n tio n  by the  body. 

Although th e re  i s  r e l a t i v e ly  l i t t l e  in fo rm ation  on i t s  p h y sica l p ro p e r tie s  

the chem ical n a tu re  o f  c ig a r e t te  smoke has been s tu d ied  e x te n s iv e ly . An in ­

v e s t ig a t io n  o f t h i s  ■‘f i e l d  appears to  be p a r t ic u la r ly  prem ising fo r  new and use­

f u l  in fo rm a tio n .

Over the  p a s t  y ea r and a h a lf  much has been accom plished in  answer­

ing th ese  b a s ic  q u e s tio n s . I t  i s  now p o ss ib le  to  c h a ra c te r iz e  f a i r l y  c lo s e ly  

the p h y sica l na tu re  of the  smoke as i t  leav es  the c ig a r e t t e .  The smoke con­

s i s t s  o f l iq u id  d ro p le ts  co n ta in in g  many extrem ely sm all s o l id  p a r t i c l e s .

The d ro p le ts  a re  q u ite  s ta b le  and a re  e s s e n t ia l ly  of an o i ly  n a tu re . The 

smoke i t s e l f  behaves l ik e  a continuous f lu id  r a th e r  than  an aggregate  of p a r­

t i c u la t e s  in  an enclosed  a i r  space , showing a strong  tendency to  hang to g e th e r , 

and to  s e t t l e  ra p id ly  through q u ie t  a i r .

M icroscopic and photom icrographic exam inations of the  f r e s h ly  formed

smoke show t h a t  most of the p a r t i c l e s  a re  l e s s  than 1 micron in  d iam eter. 
. » O M r . a  s t i f  j f  . .  - . O ' v  - n  ;  * i t ' j  t  e o  e • :  c  -  »  o  i  :  5  i
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c u t down. This seem ingly high lo ss  of smoke agrees w ell w ith  o th e r s tu d ie s  on 

the lo ss  of a e ro so ls  in  the lungs. In v e s tig a to rs  a lso  dem onstrate th a t  re te n ­

t io n  i s  reduced markedly as the p a r t ic le s  become sm alle r than 0 .5  m icron.

This p o in ts  out the  im portance o f having sound fundamental d a ta  to  understand 

ad eq u ate ly  the behav ior of c ig a r e t te  snoke.

The in te r e s t in g  answers obtained on the  su b je c t o f the q u a n tity  o f 

in h a led  smoke re ta in e d  by the body brought up a problem of immediate p r a c t ic a l  

u se , namely, i f  the  s iz e  of the smoke p a r t i c l e s  can be reduced , would the r e ­

te n tio n  be l e s s  a t  the  same tim e. Figure 11 shows th a t  i f  the smoke p a r t ic le s  

could be reduced by s e v e ra l  ten th s  of a m icron, smoke r e te n tio n  may be cu t con­

s id e ra b ly . Also th is  smoke should be r a th e r  m ild and voluminous} th is  may be 

accom plished by s p e c ia l  s e le c tio n  of tobaccos, a d d itio n  o f i n e r t  f i l l e r s  to  

c o n tro l  the  burning tem pera tu re , o r chem ical e x tr a c t io n . In  s tu d ie s  a t  Duke 

U n iv e rs ity  sponsored by the  Damon Runyon Fund e x tra c t io n  w ith  a lc o h o l has been 

shown to  reduce p a r t ic le  s iz e .  Equipment to  study the e ffe c tiv e n e s s  of such 

m o d if ic a tio n  i s  a lread y  a v a i la b le .

The chem ical com position of c ig a r e t te  smoke may vary  w ith  the p a r­

t i c l e  s iz e ,  the  m oisture c o n ten t of the  tobacco , the  number of the p u f f , and 

the  type of c ig a r e t t e ,  i e ,  p la in  or f i l t e r  t i p .  In form ation  on these  v a r i­

a b le s  i s  o f g r e a t  i n t e r e s t ,  s ince  the  p h y s io lo g ica l e f f e c ts  of c ig a r e t te  smoke 

a re  due to  i t s  chem ical com position. The p re se n t equipm ent can re a d ily  pro­

v ide  samples f o r  q u a n ti ta t iv e  a n a ly s is ,  and i t  may be p o ss ib le  to  ca rry  out 

q u a l i ta t iv e  chem ical t e s t s  on in d iv id u a l p a r t ic le s  by means o f chem ical 

m icroscopy.

In a l l  t h i s  work th e  c ig a r e t te s  were smoked a t  s tandard  c o n d itio n s , 

b u t in  a c tu a l  use the  smoking co n d itio n s  may b e 'f a r  frcm s ta n d a rd . Changing

a a m o  „  a 1 1  ; ;  m  u f ->.*•» d a t n o f  • > t n • s i n s ’ i t u ' ;  o f  '  s c >« . r % t
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the smoking r a te  and m oisture con ten t may change p a r t ic le  s iz e  and concen tra ­

tio n  co n sid e rab ly  and th e re  is  some evidence th a t  th is  i s  the  c a se . There­

fo re , some s tudy  of these v a r ia b le s  would make the p re se n t data  much more com­

p le te  and in c lu s iv e .

A g raph ic  summary of the most im portan t r e s u l t s  and of some equip­

ment i s  shown on the  fo llow ing  pages. These r e s u l t s  and the techniques used 

in  th is  program a re  d iscussed  in  d e ta i l  in  the  second p a r t  of th i s  r e p o r t .

o t  u i  n cm s • n s t i t j  ~ • ' i  c w n o ;  5 f
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P ig . 1 OLD GOLD PUFF 2 ,5  u.

F ig . 2 KENT PUFF 2 $

These photom icrographs a re  taken  f r c r  smcsce samoles 
taken  under id e n t ic a l  c o n d itio n s . They snow the 
lower c o n c en tra tio n  and tn e  somewhat sm a lle r  p a r t ic le  
s iz e  o f the Kent smoke.
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F ig . It KENT PUFF 11 S/K ^

The photom icrographs were taken  under th e  same co n d itio n s  
as the p reced ing  s e t  and show the in c re a se  in  co n cen tra tio n  
and p a r t ic le  s i 2e as the  c ig a r e t te  i s  smoked.
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This appara tus combines an autom atic c ig a r e t te  smoker 
w ith  equipment fo r  a c c u ra te ly  d i lu t in g  the smoke w ith 
c lean  a i r  and then  ob tain ing  s p e c ia l  samples o f smoke 
p a r t i c l e s  fo r  d e ta i le d  study  and measurement. The 
la rg e  f l a s k ,  (low er c e n te r ) ,  co n ta in s  d i lu te d  smoke.
A h o r iz o n ta l  beam of l ig h t  through th i s  f la s k  in d ic a te s  
the  approxim ate smoke c o n c e n tra tio n . A moving s lid e  
sam pler i s  above the  f la s k .

F ig . 5 AUTOMATIC SMOKING MACHINE
AND SMOKE-SAMPLING EQUIPMENT

% - & ’
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P i g .7 SMOKE CONCENTRATION DATA

Figure 7 i l l u s t r a t e s  the  main d if fe re n c e  between the Kent and Old Oold 
smoke, namely, the  much lower p a r t i c l e  co n c en tra tio n  o f  the  Kent.- I t  
should be noted th a t  th e  d iffe re n c e  in c re a se s  as the c ig a r e t te  i s  
smoked. In  o th e r words th e  tobacco  a c ts  a s  f a i r l y  e f f e c t iv e  f i l t e r  bu t ^  
lo se s  i t s  e f fe c tiv e n e s s  as the  c ig a r e t te  becomes s h o r te r .

"<!
NO
CM
VO
VO
CO

n i ! E s e * n c u  f o u n d a t i o n  o r  ¡ u i n O i s  i n s t i t u t e  o r  t e c h n o l o g y

ARF-0136



V
ol

um
e 

o
f 

Sm
ok

e 
P

ar
ti

cl
es

 p
er

 F
u

ff
, 

cc

0.008

0.006

O.OOli

0.002

1 2  3 H 5 6  7 8  9 10 11

Puff Number

Fig . 8 VOWS OCCUPIED PV P»*0KR PARTICLES

The smoke p a r t ic le s  in  a p u ff  from a  Kent c ig a r e t te  
occupy h a lf  th e  volume of the  smoke p a r t ic le s  in  a pu ff 
f ra n  an Old Gold
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F ig . 10 WEIGHT OF SMOKE RETAINED AFTERINHAICTOF

Figure 10 i l l u s t r a t e s  the  d if fe re n c e  between Kent end Old Gold c ig a r e t t e s ,  
lhe  w eight o f  smoke l o s t  to  the body from a Kant i s  very much 1 carer, 
la r g e ly  because the  smoke in  a p u ff  from a Kent weighs l e s s .
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F ig . 11 RETENTION OP PARTICLES BT LOWER LONGS

A R M O U R  R t S t A R C M  F O U N D A T I O N

Motet This curve le  fo r  m a te r ia l  of u n i t  
d e n s ity . For c ig a r e t t e  smoke the 
curve should be s h if te d  s l ig h t ly  
to  the l e f t .

O f  I L L I N O I S  I N S T I T U T S  O F  T E C H N O L O S T
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Fig* 13 EQUIPMENT FOR OBTAINING WEIGHT SAMPLES 
OF EXHALED SMOKE
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F ig • Hi DUST COLLECTED FROM 1500 cc OF AIR

F ig . IS  DUST COLLECTED FROM 1500 cc OF AIR iO/i 
FILTERED THROUGH AN OLD GOLD ' '

Fig • 16 DUST COLLECTED FROVf 15DC cc OF AIR
FILTERED THROUGH A KEUT WITH A FEW ASBESTOS 
FIBERS FROM THE FILTER
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F ig . 17 FIBERS FROM A KENT FILTER 
THAT HAS NOT BEEN USED
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F ig . 18 A FIBER COATED WITH SMOKE SUBSTANCE 
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PART 2: TECHNICAL DISCUSSION

This p a r t  of the r e p o r t  g ives some of the  te c h n ic a l d e ta i l s  of the 

re se a rc h  on the  p h y s ic a l p ro p e r tie s  o f c ig a r e t te  smoke. F i r s t ,  an ad ap ta tio n  

o f the s tandard  smoking machine was b u i l t  th a t  placed s p e c ia l emphasis on 

handling the  smoke so th a t  i t  i s  n o t a l te re d  a f t e r  i t  leav es  the  c ig a r e t te ,  

and techn iques were devised  to  sample and analyze th i s  smoke. The second 

phase involved the ro u tin e  a p p lic a tio n  of the equipment and techniques to  

many Old Gold and Kent c ig a re t te s  to  ob tain  firm  da ta  on th e  s iz e  and concen­

t r a t io n  o f the smoke p a r t i c l e s .  This in fo rm ation  was then used in  a s tudy  of 

exhaled smoke to  in v e s tig a te  the r e te n tio n  of the smoke by the  lu n g s.

The v a rio u s  aspec ts  of th is  p ro je c t  w i l l  be d iscussed  in  the fo llow ­

ing sequence* equipm ent, a n a ly t ic a l  p rocedures, and d isc u ss io n  of r e s u l t s .

I .  EQUIPMENT

A. Smoking Machine

An autom atic smoking machine was b u i l t ,  as p ic tu red  in  F ig . 5 and 

sketched in  f ig .  12, based on the s tandard  co n d itio n s  of a 3i>-cc p u ff  in  2 

sec a t  1-min i n te r v a l s .  Other requ irem en ts were th a t  the smoke should n o t be 

a l te re d  a f t e r  i t  leav es  the  c ig a r e t te  and th a t  i t  should be p o ss ib le  to  sample 

the smoke from every  p u f f .  To meet th e  f i r s t  c o n d itio n , the smoke i s  immed­

i a t e ly  d i lu te d  by the volume of a i r  in  the  5000-cc f la s k  to  p reven t agglomer­

a t io n .  A quick b l a s t  of a i r  breaks up the smoke th a t  e n te rs  the f la s k  in  the 

form of a s o lid  stream  th a t  does n o t mix w ith  the surrounding a i r .  In order 

to  sample every  p u f f ,  the  machine has to  be f u l ly  au tom atic . This i s  accom­

p lish e d  w ith  a 1-rpm motor th a t  a c tu a te s  a s e r ie s  o f m icrosw itches through a

s e t  o f notched m eta l d isk s , shown a t  th e  lower r ig h t  o f F ig . f>. The sw itches 

o p era te  the  so leno id  v a lv e s  th a t  c o n tro l the flow  system in  the machine.
A S M O U 3 F O U N D A T I O N  O f  I L L I N O I S  I N S T I T U T E  O f  T E C H N O L O G Y
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S u f f ic ie n t  suction  to  p u l l  3 5  cc o f  a i r  through the c ig a re t te  is  

ap p lied  when w ater is  allowed to  run out of the suc tion  b u re tte  by opening 

Valve 5 (P ig - 12 ). At the same time Valve 1 opens fo r  2 sec j th is  i s  a 

s p e c ia l  va lve  th a t  g ives a d i r e c t  passage fo r  the  smoke. There i s  a 20-sec 

in te r v a l  fo r  sampling a f t e r  a p u f f , and th en  the la rg e  f la s k  i s  purged of 

smoke w ith  compressed a i r  e n te r in g  through Valve y and 2 and i s  exhausted 

through the  p ressu re  re le a s e  tu b e , which a ls o  se rv es  as a manometer to  in d i ­

c a te  the r e s is ta n c e  of the c ig a r e t t e .

To supply s tandard  amounts of smoke to  human smokers f a r  the study  

of exhaled smoke the m anually operated  machine- F ig . 13, i s  used. When the 

so leno id  valve i s  sw itched on, 35 cc o f w ater run o u t o f  the b u re t te  and d i s ­

p lace a 35 cc of a i r  through the  c ig a r e t te  from the a i r  space fo llow ing  the 

so leno id  v a lv e . The burning end o f the c ig a r e t te  i s  held in  the shroud by 

the  smoker j u s t  before  a p u ff i s  due. The smoker then rec e iv e s  the smoke and 

in h a le s .

B. Moving S lid e  Impinger

A number o f sam plers were te s te d  to  c o l le c t  the smoke f o r  a n a ly s is .  

Of th ese , a moving s l id e  im pinger proved to  be most su c ce ss fu l fo r  ro u tin e  

d e te rm ina tions  o f c o n c en tra tio n  and s iz e  d i s t r ib u t io n ,  w ig h t  samples o f the 

smoke were co nven ien tly  c o lle c te d  by combining a membrane f i l t e r  w ith  an im­

p in g e r . The o th e r  sam plers te s te d  were a therm al p r e c ip i t a to r ,  an e le c t r o ­

s t a t i c  p r e c ip i t a to r ,  and a s e t t l i n g  chamber.

A moving s l i d e  im pinger, shown in  the upper r ig h t  of F ig . 5 and 12, 

c o n s is ts  o f a m icroscope s l id e  t h a t  can be p u lled  a t  c o n s ta n t speed p a s t a 

j e t  a t  r ig h t  an g les  to  the s l i d e .  The j e t  d i r e c ts  the smoke onto the s l id e  

a t  c lo se  to  son ic  v e lo c i ty .  The smoke p a r t ic le s  impinge on the s l i d e ,  s ince

A R M O U O  R E S E A R C H  F O U N D A T I O N  O F  I L L I N O I S  I N S T I T U T E  O f  T E C H N O L O G Y "
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t h e i r  i n e r t i a  i s  too  high to  fo llow  the sudden change in  d ire c t io n  of the gas 

flow . I f  a s ta t io n a ry  s l id e  were used, the p a r t i c l e s  would p i le  up too f a s t  

and o v erlap . Even in  th is  case th e  smoke has to  be d i lu te d  a second t in e  

a f t e r  lea v in g  the 5000-cc f la s k  by a f a c to r  o f 15 to  p rev en t agg lom era tion .

The d i l u t e r  fo r  th is  purpose surm ounts the f la s k ,  as seen in  P ig . 5 and 12.

C. Weight Sampler

In  o rder to  c o l l e c t  a l l  the smoke in  a p u ff and weigh i t ,  the sam­

p le r  shown a t  the  r ig h t  o f P ig . 13 has proven to  be very  conven ien t. Exhaled 

smoke i s  sim ply blown in to  i t  w hile  s u c tio n  i s  app lied  to  th e  f i l t e r .  For 

samples of inhaled  smoke the c ig a r e t te  i s  a tta c h e d  to  the m outhpiece, and 

s u c tio n  i s  ap p lied  to  the chamber w ith  the smoking m achine. Then the sampling 

procedure i s  s ta r te d .  The smoke passes through the j e t  a t  a f a i r l y  high 

v e lo c i ty ;  moat of i t  impinges on a membrane f i l t e r ;  and the  r e s t  i s  in te rc e p te d  

by the  f i l t e r ,  which can th en  be weighed. A membrane f i l t e r  (S c h le ich e r and 

S ch u e ll)  i s  a nonfib rous sm ooth-surfaced f i l t e r  w ith  uniform  tu b u la r  h o le s .

This arrangem ent was used because of i t s  s im p lic i ty  and a v a i l a b i l i t y .  The 

smoke could  a ls o  be c o lle c te d  in  a sm all cup fa c in g  the  j e t .

D. Thermal P r e c ip i ta to r

The therm al p r e c ip i ta to r  i s  re p u te d ly  100$ e f f i c i e n t  fo r  p a r t ic le s  

below 5 m icrons. I t  c o l le c ts  a e ro so l p a r t ic le s  by therm al re p u ls io n  from a 

h o t w ire  t h a t  fa c e s  a co ld  m icroscope cover s l i p  which se rv es  as  the c o l le c to r .  

This instrum ent re q u ire s  a good d e a l o f s k i l l  and tim e to  o p e ra te , but i t  i s  

u s e fu l  to  check the  e f f ic ie n c y  of the  im pinger. The in strum en t can be seen 

a t  the  lower l e f t  of F ig . 5 and 12 connected t o  a 1000-cc f la s k ,  which in  

tu rn  i s  connected to  the 5000-cc f la s k .  The sm a lle r  f la s k  se rves to  d i lu te  

a 30-cc or so  smoke sample p u lle d  from the 5000-cc chamber w ith  the  sy rin g e .
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Hie smoke is  mixed w ith  the paddlej th en  an a s p ir a to r  connected to  the  therm al 

p r e c ip i ta to r  draws a e ro so l through i t  a t  6 cc/min fo r  about 3 min.

E. E le c t r o s ta t ic  P r e c ip i ta to r

E le c t r o s ta t i c  p r e c ip i ta to r s  a re  a ls o  n ea rly  1001 e f f i c i e n t .  With 

t h i s  in stru m en t a l l  th e  smoke p a r t ic le s  a re  c o lle c te d  on the  w a lls  of a tube 

connected to  a  h igh v o ltag e  so u rce . A c e n tra l  w ire  in  the tube serves as the 

second e le c tro d e  and re p e ls  the p a r t ic le s  onto the  w a l l .  The tube is  la rg e  

enough to  accommodate a p u ff  o f smoke w ith  s u f f i c i e n t  d i lu t io n  to  p reven t over­

lapp ing  o f  the  p a r t i c l e s  on the w a ll ;  about U000 cm  ̂ o f w a ll a re a  are  neces­

s a ry . The tu b e , in  t h i s  case g la s s  covered w ith  aluminum f o i l  on the o u ts id e , 

i s  f i l l e d  evenly  w ith  smoke, and then th e  e l e c t r i c i t y  i s  tu rned  on to  approx­

im ate ly  10,000 v . Hie p a r t ic le s  a re  c o lle c te d  on very  sm all p ieces  of g lass  

r e s t in g  on the  w a l l .  These p ieces  a re  coated w ith  s i l ic o n e  to  p reven t sp read ­

ing of the smoke p a r t i c l e s .  However, they a re  coated only on the  s ide  away 

from the  tube  w a ll;  o therw ise no p a r t i c l e s  a re  c o lle c te d .

F. A erosol S e t t l in g  Chamber

A s e t t l i n g  chamber was s e t  up to  study  the  g ra v ity  s e t t l i n g  o f the  

smoke p a r t i c l e s .  For t h i s  purpose a g la ss  c y lin d e r  f i l l e d  w ith  smoke i s  sub­

merged in  d i s t i l l e d  w ater to  keep the smoke a t  a c o n s ta n t tem p era tu re . The 

c y lin d e r  i s  i llu m in a te d  w ith  a s tro n g  l i g h t  beam to  fo llow  the s c a t te r in g  of 

l i g h t  from  th e  p a r t i c l e s  a s  an in d ic a tio n  o f th e  s e t t l i n g  p ro ce ss .

I I .  ANALYTICAL PROCEDURES 

A. Microscopy

A ll the  smoke sam ples, ex cep t fo r  the l ig h t - s c a t t e r in g  and w eight 

sam ples, have to  be analyzed  w ith  a m icroscope. Both e le c tro n  and o p tic a l  

m icroscopy have been in v e s t ig a te d . The former has not shown too much premise
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fo r  ro u tin e  work. D i f f ic u l t ie s  a re  encountered in  p reparing  a proper mount 

because of the v o l a t i l i t y  of the smoke under a high vacuum and because of i t s  

chemical com position. Both fa c to rs  make i t  d i f f i c u l t  to  prepare  r e p l ic a s .

Of the  o p t ic a l  m icroscope methods, d a rk - f ie ld  illu m in a tio n  gave the 

b e s t  r e s u l t s .  B r ig h t- f ie ld  illu m in a tio n  could n o t be used d i r e c t ly  because 

o f  the very  low c o n tr a s t  of the  smoke p a r t i c l e s  mounted in  a i r  and the lack  

of a proper mounting medium. Coating the  s l id e s  w ith a dye th a t  would be 

d isso lv e d  by the  smoke was no t fe a s ib le  because the dye c r y s ta ls  could n o t be 

produced sm all enough w ithou t e la b o ra te  equipm ent. Coating the  p a r t ic le s  w ith 

io d in e  c r y s ta ls  from iod ine  fumes gave good c o n tr a s t ,  b u t  the  iod ine  a lso  

made a l l  th e  subm icroscopic rough spo ts  on the  g lass v i s ib le .

Phase m icroscopy gave negative  r e s u l t s  in  a few i n i t i a l  t e s t s ,  

p o ss ib ly  owing to  the lac k  of a s u ita b le  mounting medium. Since the d a rk - 

f i e l d  method gave good r e s u l t s ,  no fu r th e r  work was done in  th is  f i e l d ,  and 

no d e f in i te  sta tem ent can be made on the  u se fu ln e ss  of phase m icroscopy.

A Spencer 0.S5 N.A. b is p h e r ic a l ,  o i le d ,  d a rk - f ie ld  condenser w ith  a 

Z e iss  N eo flu a r 0 .75 N.A. hOx o b jec tiv e  proved to  be the  b e s t  o p t ic a l  combina­

t i o n .  The re s o lv in g  power of the equipment i s  such th a t  a L e itz  P e rip lan  

25x eyepiece i s  j u s t i f i e d  f o r  the  photom icrographic work. The a n t i r e f le c t io n  

co a tin g  f o r  reducing  g la re  on the  o b je c tiv e  may account fo r  i t s  su p e rio r  p e r­

formance. G lare i s  a problem s in ce  the  condenser design s p e c if ie s  a liq u id  

mounting medium. To compensate fo r  the a i r  space between th e  cover s l i p  and 

m icroscope s l id e  in  which th e  p a r t ic le s  a re  lo c a te d , the  eyepiece d is tan ce  

had to  be in creased  from 160 to  175mm. Kodak Super XX film  i s  used fo r  photo­

m icrography w ith  l / 2 - t o  3-min exposures.
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The m icroscope s l id e s  have to  be o f  the proper th ickness  and o f the 

h ig h e s t  q u a l i ty .  They must be cleaned thoroughly  and coated w ith  s il ic o n e  

to  keep the sp read ing  of the  p a r t ic le s  to  a minimum.

- •  y'- ig h t  Sampling

The a n a ly t ic a l  procedure fo r  weighing samples of c ig a r e t te  smoke i s  

r a th e r  sim ple . The f i l t e r s  a re  allowed to  co n d itio n  in  the room atmosphere 

and a re  weighed j u s t  before  and a f t e r  sam pling. The passage o f a i r  alone 

through the f i l t e r  does n o t change i t s  - 's ig h t .  The coarse  type of membrane 

f i l t e r  c o l le c ts  a l l  of the smoke e f f e c t iv e ly .

I I I .  DISCUSSION OF RESULTS

One of the f i r s t  o b je c tiv e s  of th is  re se a rc h  i s  to  e s ta b l is h  the 

p a r t i c l e  s iz e  d i s t r ib u t io n  and c o n c en tra tio n  o f th e  smoke from Old Gold and 

Kent c ig a r e t t e s .  This was accom plished w ith  th e  moving s l id e  im pinger. Then, 

in fo rm ation  on the  amount of smoke re ta in e d  a f t e r  in h a lin g  in to  the lungs ap­

peared to  be h ig h ly  d e s i r a b le .  To assemble the  l a t t e r  in fo rm atio n , w eight 

sampling o f the  smoke proved to  be the  most d i r e c t  method, as every second ex­

haled b re a th  could be sampled. An o v e r - a l l  summary of the r e s u l t s  appears in  

Table 1 .

Table 1

SUMMARY OF RESULTS

C ig a re tte

Average
P a r t ic le
S iz e ,
Microns

Average Con­
c e n tr a t io n , 
P a r t i e le s /c e

Average 
Weight of 
Smoke per 

P u ff , mg

Average Weight 
of Smoke Retained 
a f t e r  In h a lin g  
in to  the Lungs, mg

Old Gold 0 .6 itUO m illio n 3-8 3-3

Kent 0 .5 280 m illio n 2 .1 1 .6
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The p a r t ic le  s iz e  and c o n c en tra tio n  d a ta  a re  shown in  more d e ta i l  

in  P ig . 6 , 7, and 8. Figure 6 shows the  range in  p a r t i c l e  s iz e  and p o in ts  out 

th a t  Kent smoke c o n s is ts  of somewhat sm alle r  p a r t i c l e s .  Figure 7 dem onstrates 

t h a t  the s a l i e n t  d if fe re n c e  between the two c ig a r e t te s  i s  the  very  much lower 

number o f p a r t i c l e s  in  the  Kent smoke. The photographs, F ig . 1 -h , i l l u s t r a t e  

the d if fe re n c e s  between the  two c ig a r e t t e s . Figure 8 g ives  the  volume of the 

smoke p a r t i c l e s  in  a p u f f . These d a ta  can be converted  to  w eight of smoke 

p e r p u ff  to  compare w ith  the w eigh t samples from the membrane f i l t e r s .  Figure 

9 shows the  l a t t e r  d a ta  which p a r a l le l  the  c o n c en tra tio n  d a ta .  The w eight o f 

smoke per pu ff from the  s iz e  d i s t r ib u t io n  data  i s  c a lc u la te d  to  be higher} 

however, th is  would be expected because the p a r t ic le s  a re  bound to  spread 

frcm a tru e  s p h e r ic a l  shape on the s l i d e .  The spreading  fa c to r  appears to  be 

c lo se  to  1 .2 . The d i f f i c u l ty  in  e s ta b l is h in g  th i s  f a c to r  p re c is e ly  i s  the 

la c k  o f d a ta  on the d e n s ity  of the c ig a r e t te  smoke in  q u e s tio n .

The r e s u l t s  from the  study on exhaled smoke show th a t  from 70% to  

90% fcy w eight of the smoke i s  l o s t  when i t  i s  in haled  in to  the lu n g s. This 

i s  based on the prem ise t h a t  a l l  th e  smoke n o t re ta in e d  by the  lungs w i l l  be 

ex p e lled  in  th e  f i r s t  e x h a la tio n  a f t e r  a p u f f .  Experim ental work has shown 

th a t  smoke i s  exhaled in  subsequent b re a th s ,  b u t r e s u l t s  to  d a te  show th i s  

amount to  be n e g lig ib le .  I f  the  smoke i s  taken  in to  th e  mouth only, up to  

20% by w eight may be r e ta in e d .  The p a r t i c l e s  exhaled from the lungs are  

sm a lle r  than  th e  o r ig in a l .  These p a r t i c l e  s iz e  d a ta  were obtained w ith  the 

moving s l id e  impinger} the smoke was exhaled in to  the 5000-cc f la s k  of the 

smoking machine.

F igure 9 dem onstrates the h igh re te n t io n  of smoke in  the lcsrer 

r e s p i r a to ry  system , w hile  F ig . 10 compares the w eight o f smoke re ta in e d  from
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Kent and Old Gold c ig a r e t te s .  These graphs shew th a t  the  r e te n tio n  of Kent 

smoke is  about 10? le s s  than  t h s t  of Old Golds. This may be due to  the 

sm a lle r  s iz e  o f the Kent p a r t i c l e s .  Since th ere  is  much le s s  smoke in  a puff 

from a K ent, the w eight picked up by the body i s  much lower than th a t  from an 

Old Gold. I t  should be remembered th a t  these  r e s u l t s  a re  from one male and 

one fem ale smoker. But th e  r e s u l t s  seem to  be a p p licab le  in  g e n e ra l, since 

they  are  in  good agreement w ith  what i s  known about the r e te n t io n  o f a e ro so ls  

by the lu n g s . F igure 11, which c le a r ly  i l l u s t r a t e s  the Importance o f p a r t i ­

c le  s iz e  in  the s tudy  of c ig a r e t te  smoke, i s  a p a r t  o f a r e p o r t  by W. B.

K arris  (A.M.A. Arch. Indus, ify-g. 8, Ui5j 1953)-

In  the  s e c tio n  on equipment seme a u x il ia ry  sampling instrum ents 

were d isc u sse d . The therm al p r e c ip i ta to r  was used to  c a rry  out concen tra tion  

and s iz e  measurements a t  the same tim e an im pinger sample was taken . A suc­

c e s s fu l  procedure has been worked ou t fo r th is  work a f t e r  some m od ifica tion  

of the p r e c ip i t a to r .  The h e a t from the  h o t w ire  of the therm al p re c ip i ta to r  

has no n o tic e ab le  e f f e c t  on the p a r t i c l e s .  Both in strum ents seem to  give the 

same r e s u l t s  b u t a la r g e r  number of t e s t s  need to  be made f o r  a p rec ise  com­

p a riso n .

The e l e c t r o s t a t i c  p r e c ip i ta to r  has a d e s ira b le  fe a tu re  in  th a t  the 

smoke can be sampled w ithou t going through a v a lv e , a second d i lu t e r ,  and a 

high v e lo c ity  j e t .  On the  o th e r hand, i t  i s  not a p r a c t ic a l  instrum ent, fo r 

ro u tin e  work in  t h i s  c a se . A fte r co n sid e rab le  e f f o r t  the sam pling teennique 

was worked o u t. Again g en era l agreement was found w ith  the im pinger sam pler. 

Lack of time precluded  any d e ta i le d  com parison, though.

The a e ro so l s e t t l i n g  chamber gave some q u a n ti ta t iv e  r e s u l ts  when 

smoke had s e t t l e d  frera 5 to  30 min. That i s ,  the  l ig h t  beam ex h ib ite d  co lored
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bands in d ic a tin g  the presence of predom inant p a r t ic le  s iz e s  a t  v a rio u s  le v e ls  

in  the  s e t t l i n g  c y lin d e r . However, the s iz e  d a ta  showed the  presence of 

f a i r l y  la rg e  p a r t ic le s  in d ic a tin g  th a t  agglom eration was tak ing  p la c e . D ilu t­

ing  the smoke s u f f i c i e n t ly  to  p reven t th is  makes v is u a l  s tu d ie s  d i f f i c u l t  and, 

fu rth e rm o re , w ith  th e  sm alle r p a r t ic le s  the o p era tio n  o f the  s e t t l i n g  chamber 

becomes very  s e n s i t iv e  to  minute tem perature f lu c tu a t io n s .

In  the course  of t h i s  in v e s t ig a t io n  a number of sh o rt-ran g e  s tu d ie s  

were c a r r ie d  ou t; one study  concerned th e  f i l t r a t i o n  o f  atm ospheric d u s t by 

u n l i t  c ig a r e t t e s .  On a p a r t ic le  count b a s is  both  Kent and Old Gold c ig a re t te s  

removed about $0% of the d u s t .  However, on a w eight b a s is  the  Kent i s  very 

much more e f f e c t iv e  as  shown in F ig . Ik , 15» and 16 which dem onstrate the f i l ­

t r a t io n  of th e  la r g e r  d u s t p a r t ic le s  th a t  make up most of the w eigh t. Figure 

17 shors a few a sb es to s  f ib e r s  p u lled  from the f i l t e r  by the  a i r  s tream . When 

the  ex tin g u ish ed  c ig a re t te  i s  te s te d  a f t e r  one p u f f ,  hard ly  any asb es to s  

f ib e r s  a re  found.

Some work was done to  fo llow  what happens to  the smoke p a r t ic le s  

caught by the  Kent f i l t e r .  A f i l t e r  was c a re f u l ly  opened above a microscope 

s l id e  so many of the f ib e r s  would s e t t l e  on i t .  Examination showed th a  in ­

d iv id u a l smoke p a r t ic le s  a re  r a th e r  lo o se ly  a tta ch e d  to  the  f i b e r s , which are  

co n sid e rab ly  sm a lle r  in  d iam ete r than  the p a r t i c l e s .  When enough p a r t ic le s  

a re  on a f ib e r ,  they  co a lesce  and co a t the f ib e r .  F igures 17 and 16 show the 

asb es to s  f ib e r s  b e fo re  and a f t e r  the f i r s t  p u ff  of smoke.
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