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When tobacco i s  burned most o f  the  m e ta l l ic  co n ten t rem ains in  

the ash a lthough sm all q u a n t i t ie s  pass in to  th e  main stream  smoke and 

become inc luded in  th e  p a r t ic u la te  phase. The p resence o f  m eta ls in  

the smoke nay be due to  (1) v ap o r iz a tio n  o f  m e ta l l ic  compounds -  c h ie f ly  , 

th e i r  c h lo r id e s , o r (2) due to  m echanical en tra inm ent o f  n&crofragments 

of ash o r tobacco, o r due to  b o th . In  o rd e r to  determ ine which mechanism 

i s  th e  major f a c to r ,  q u a n t i ta t iv e  d a ta  on th e  t r a n sf e r  o f va rio u s elem ents 

were o b ta in ed . I f  th e  m etal p asses in to  th e  smoke by m echanical e n tra in ­

ment, th en  th e  r e la t i v e  p ro p o r tio n  o f th a t  m etal to  th e  o th e r m eta ls in  

the  smoke should be n e a r ly  equa l to  i t s  r e la t i v e  p ro p o rtio n  in  th e  tobacco.

I f ,  on th e  o th e r hand, th e  t r a n s f e r  o f the  m etal occurs as a r e s u l t  

o f v a p o r iz a tio n , o f  i t s  c h lo r id e  fo r  in s ta n c e , then th e  r e la t i v e  p ropor­

t io n  o f the m etal in  smoke w i l l  v a ry  .from th a t  i n  tobacco depending on 

the  degree o f  i t s  v o l a t i l i t y  -  i . e , d i f fe re n c e s  in  t h e  t r a n s f e r  e f f ic ie n c ie s  

o f the  in d iv id u a l elem ents w i l l  depend on the  d i f fere n c e s  o f th e  v o l a t i l i t y  

o f t h e i r  m e ta l l ic  compounds. ’

■ Methods: . . ■ ■ ■ .

C ig a re t te s  te s te d  were those o f  f iv e  p o p u la r dom estic b rands, 70 mm 

in  len g th  and w ithou t f i l t e r s  and were purchased in th e  summer o f  1956.

Before smoking, th e  c ig a r e t te s  were cond itioned  and weighed. Con­

d i t io n in g  was accom plished by p la c in g  them in  58$ r e la t i v e  hum id ity  in  

a h y g ro s ta t over d e liq u escen t sodium bromide w ith  a re s u l t in g  m oisture co n ten t 

o f 18.1$ (measured as lo s s  in  w eight a t  110° C f o r  20 h o u rs ) . '
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Ciga re t te s  from one c a rto n  o f each brand were weighed and p laced  in  groups 

matched in  w eight by  .05  gram. The h ig h e s t and lo w est w eight c a te g o r ie s  

• •'re re je c te d . ■ .

The autom atic smoking ap p ara tu s , loaned by L ig g e tt and % e rs  Tobacco

*j>., vas designed fo r  15 c ig a r e t te s ,  and in  succession 0 .2  second p u ffs  

•'re taken every  60 seconds. Only 13 c ig a r e t te s  were used leav in g  2 spaces 

f re e  to  check p u f f  volume which was about 35 ml. Ten p u f fs  were taken

;n each c ig a r e t te  leav in g  a b u t t  len g th  o f 2.0  to  2.5 cm.

Three samples o f smoke were c o l le c te d .

#1 from 117 c ig a r e t te s  Brand A
; . : #2 » 130 » " B '

#3 " 15 6  " o f each o f f iv e
standard  b rands, o r  a t o t a l  o f 780 c ig a re t te s

'J''-_'Tpba;CCo'.s?fi%>les-were 'taken; from : . . . ■ .

“1 ~ e q u iv a len t o f c ig a r e t te s  in c lu d in g  paper o f Brand A
42 _ n ;t ii it it it it B

:.r‘3 -  11 " " " . n each o f -
f iv e  brands n o ted .  ̂ ;

T ie smoke was condensed in  a se r ies -  o f  co ld  t r a p s .  The fi r s t  s e r ie s  

?rs th ree  c y l in d r ic a l  f la s k s ,  9 x  28 cm., With a volume o f 1.7 l i t e r s  

asch, fo llow ed by th re e  s p i r a l  t ra p s  a l l  connected w ith  ground g la ss  

jo in ts  and immersed in  coo ling  b a th s . The f i r s t  f la s k was in  ic e  a t  about 

0°C, th e  o th e r f iv e  were in  d ry - ic e -—a lco h o l b a th s  w ith  a tem perature 

a t  -  ?2°C. The f la s k s  were weighed be fo re  and a f t e r smoke c o l le c t io n sb  

room tem peratu re . : , j -

The co ld  t ra p s  were fo llow ed by two f la s k s  packed w ith g lass  wool 

having approxim ate volumes of 500 ml and 125 ml re s pe c t iv e ly . These were 

■ weighed be fo re  and a f t e r  smoke c o l le c t io n  to  determ ine th e  amount o f f i l t e r -  

•ioLe smoke escap ing  th e  co ld  t r a p s .
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About k% o f the  t o t a l  w e igh t o f smoke c o l le c te d  was in  t h i s  f i r s t  f la s k  

and about 0 .1$ in  th e  second, i t  was assumed, then , th a t  about 96$ o f  the
, ' ' • ' ■ ■ . ' . • ■ . X

.. ■ . ■  ■ . . • • V  .

t o t a l  smoke was c o l le c te d  in  th e  co ld  t r a p s ,  and t hi s  i s  th e  smoke th a t  

was analyzed . About 87$ o f the t o ta l  w eight was in  th e  th re e  c y l in d r ic a l  

f la s k s ,  ■ ' ■ :

The smoke to  be analyzed was wabhed from th e  tra p s  by a lte rn a te  r i n s ­

ing  w ith  r e d i s t i l l e d  ace tone , O.OoNN h y d roch lo ric  ac id  in  90$ acetone, 

and w a te r, No mention i s  made in  the  a r t i c l e  concern ing  th e  number o f . 

i  mes the t ra p s  are  washed o r by what means - i t  i s  determ ined th a t  th e  

smoke has been com pletely  removed. A f te r  removal o f  the  smoke, th e  tra p s  

were r in se d  w ith  lOOsc o f co n cen tra ted  n i t r i c  a c id  which was saved and 

used l a t e r  f o r  d ig e s t io n  o f  the tobacco . The smoke so lu t io n  was concen- 

t ra té d  by ev apo ra tion  u n t i l  the  acetone was removed. The average w eight 

o f smoke ob ta ined  was 7»It mg p e r  p u f f  o r 7U mg p e r  c ig a r e t te .

The c o n tro l tobacco sample was taken  as follows: f o r  each 13 c ig a re t te s  

r~oked in  sample No. 1 and No. 2 one c ig a r e t te  o f the same w eight group . 

vas rese rv ed  fo r  th e  tobacco .sample. Thus, fo r  sample #1 th e re  were n ine 

groups o f 13 c ig a r e t te s  smoked and th e re fo re  n ine c ig a r e t te s  mixed to g e th e r 

fo r th e  tobacco sample. In  sample #2 th e se  were te n groups and th e re fo re  

ten  c ig a r e t te s  in  th e  tobacco sample. In  each sample the c ig a r e t te s  were 

r i l l  mixed to g e th e r and the eq u iv a len t o f fo u r  c ig ar e t te s  used fo r  each 

sample. The sample fo r  No. 3 was composed o f one average c ig a r e t te  of 

each o f th e  f iv e  b rands.used .

■ .Digestion o f  th e  o rgan ic  m a tte r in  th e  smoke and tobacco was begun 

w ith  d i lu te  n i t r i c  a c id .
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Successive ev apo ra tions a f t e r  a d d it io n s  o f  co n cen tra ted  n i t r i c  ac id  

were th en  done u n t i l  th e  samples were l i q u i f i e d .  This obv iously  a p p l ie s  

to  th e  tobacco sam ple, s in ce  th e  smoke was a lre ad y  in  solu t io n . No men- 

i io n  i s  made o f the end p o in t f o r  th e  d ig e s t io n  o f o rgan ic  m a tte r from 

th e  smoke sample. The so lu t io n s  were th en  t r e a te d  with  equal volumes of 

w a te r, concen tra ted  n i t r i c  a c id , and 12% p e rc h lo r ic  a c id , and then  

evaporated . This was rep ea ted  u n t i l  c o lo r le ss  o r  l ig h t  yellow  so lu t io n s  

re s u l te d , a t  which tim e th e  so lu t io n s  were evaporated  to  n ea r d ryness.

Hot d i lu te  h y d roch lo ric  a c id  was then  added to  th e  re s id u e , the 

p re c ip i ta te d  s i l i c a  was f i l t e r e d  o f f  and th e  re s u l tin g  so lu t io n s  made 

up to  a d e f in i te  volume (which was n o t s ta te d ) .

The r e s u l t in g  so lu t io n s  were analyzed by e s ta b l ish e d  pho tom etric  

p rocedu res. Na+ and Kr were determ ined by flam e photom etry us in g  the 

Perk in  -  Elmer Model j2~C . ^ead was is o la te d  and measured c o lo r im e tr ic a l ly  

by e x tra c t io n  w ith  d ith iz o n e . A rsenic w as■ separated as a rs in e  and d e te r ­

mined by th e  molybdenum b lu e  c o lo r im e tr ic  techn ique.

.ement Sample No. Micrograms p e r 
Tobacco

C ig a re tte
Smoke

R e la tiv e  
% T ransfer

X 1 26800 13h 0.50
.. • 2' ■ - 27100 138 o .3 l

Na „ 1 870 9 .2 1.06
2 ■■■■ 890 7.1 0.80

Pb 1 21 1.0 h.B
2 8h 3.3 3 .9
3 h i 1 .9 h.6

As ■ ■ :-.■ ;' 1 7 .1 0.31 h .h
2 26. h l . h 3.3

:■ " ' 3 ■ ' ■ 13.2 0.0h6 3.3

O ther m eta ls analyzed were calc ium , magnesium, aluminum, i ro n , man- 

gañese, copper, z in c , n ic k e l ,  chromium.

From the wide range o f t r a n s f e r  e f f ic ie n c ie s  found i t  was s ta te d  th a t

_ kf? 0004436



v a p o r iz a tio n  was a lm ost com pletely  re sp o n s ib le  fo r  th e  m e ta l l ic  m a te r ia l 

found in  smoke. M echanical en tra inm ent a lone was thought to  account only 

f o r  calc ium , magnesium and aluminum in  th e  smoke.

To ex p la in  th i s  p rocess o f v a p o r iz a tio n , i t  was p o in ted  ou t in  the  

d iscu ss io n  th a t  th e  tem peratu re in  th e  burn ing  cone o f a  c ig a re t te  i s  

from 830° to  920°C. Some m eta ls w ith  low b o i l in g  p oin ts  such as a rs e n ic , 

le a d , and z inc  may undergo v a p o r iz a tio n  in  th e  m e ta ll ic  s ta te ,  -^t was 

f e l t  th a t  o th e r m eta ls were tra n sp o r te d  as  c h lo r id es . I t  i s  known th a t  

th e  a l k a l i  m etal c h lo r id e s  a re  v o la t i l e  a t  tem peratu re below th e i r  b o i l in g  

p o in ts  which i s  ll&3°C fo r  sodium c h lo r id e , l550°C f o r  potassium  c h lo r id e  

and 950°C fo r  le a d  c h lo r id e , -^ead ch lo r id e  vapo rizes ra p id ly  above 35"0°C 

and the c h lo r id e  and oxide o f t r i v a le n t  a rs e n ic  vapo rise  below 700°C.

The au th o rs  s ta te  th a t  th ey  f e l t  th a t  the  m ajor p a r t o f th e  a rsen ic  and 

lead  found in  the  smoke was from th e  in s e c t ic id e  app lied  to  the  tobacco 

p la n t .  The a rs e n ic - le a d  r a t i o  in  th e  c ig a r e t te  i s  conparab le to  th a t  in  

the le ad  a rsen a te  in s e c t ic id e .  .

Sample No. P b /c ig . (ug) As c ig . (ug) R atio  As/Pb

1 21 ■ - ' 7 .1  ■ ' ' : ■ ’ O .3Í1
? 8h 26.k 0 .31
3 . la 13.2 0.32

0132
T h eo re tica l r a t i o  Pb H As 0^ ( in s e c t ic id e ) 0 .36

I t  was concluded th a t  th e  t o t a l  q u a n t i ty  o f  m e ta l l ic  e lem ents in  

the  smoke o f  one c ig a re t te  was 130 m icro grams, o f  which about 9Q% was 

po tassium  and 5% was sodium and about 1.5% le ad .

This work was supported  in  p a r t  by g ran ts  from Damon Runyon Memorial 

Fluid. 1 ■■ / ■■ . .
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