
January 4 , .1955

M r,' L ew is H. B o g ers
Southern C a lifo rn ia  A ir  P o llu tion  Foundation  
?04 South Spring S tree t A 
L os -Angeles 14, C a lifo rn ia

D ear M r. Buffers:

M r. Cholak show ed m e your le t te r  o f D ecem b er  15 in  which you  a sk 
fo r  in form ation  on the lead  com pounds in  the exhaust gas o f au tom ob iles, 
and on the o th er  so u rces  o f le a d  in the a tm o sp h ere . It seem ed  b e s t 
that I rep ly , d esp ite  the fac t that we have m ade no ob serva t ion s on the 
exhaust g a s , and our know ledge o f the p roportiona l rep resen ta tion  o f 
va r iou s so u rces  in the co m p o site  so u rce  o f lead  in the a tm osp h ere is 
b ased  la r g e ly  on in fe ren ces which a r e  reason ab le  but unproved. *

The com p osit ion  o f the lea d  in  the exhaust has been in v estig a ted  by 
the D etro it  L a b o ra to r ies o f E thyl' C orpora tion , but  so  fa r  a s  I know 
th e data have hot been  p u b lished . In g en e ra l, i t  m ay  be sa id  that the 
lead  burned in  the engine is  con verted  into sa lts  by the ca tions a v a ila ­
b le  in the m ix tu re  on the b a s is  o f a. norm al equ ilib r ium . The ha logen 
c a r r ie r s  a re  added to con ver t m o st o f the lea d  to the ch lo r id es and 
b ro m id es , and th i3 is  a cco m p lish ed . In 'add ition , there  is  su lfa te , 
ca rb on a te , phosphate and som e n it r i te , w ith  perhaps m inute am ounts 
of o th er  s a l ts . The p roportions va ry  w ith the com p osit ion  o f the fu e l, 
but it is  to be an ticap ted  that the ha logen  sa lts  grea t ly  p redom inate.
A s you a r e  aw are, no doubt, av ia tion  g a so lin e  con tains e thy lene d i­
b rom id e a s  the halogen' c a r r ie r , w h ile  au tom ob ile  ga so lin e  has both 
brom ide and ch lo r id e c a r r ie r s . The exhaust gas is  the p r inc ipa l  
con tr ibu tor  o f lead  b rom id e, lead  ch lo r id e  and lead eh lorob rom ide 
to the a tm o sp h ere . The nature o f the o th er  lea d  compounds in the 
a tm osp h ere  d e r iv ed  from  s o i l ,  f r o m  th e com bustion  of coa l and 
v egeta tion , from  var iou s in d u str ia l ¡p ro cesses , and fro m  o th er , perhaps 
t r iv ia l , s o u r c e s , is  con jec tu ra l.

We have on ly  in d irec t in fo rm ation  on the con tr ibu tion  m ade by the 
com bu stion  o f  coa l} when the C ity  o f C incinnati put its  sm oke reducing 

ord inance into op era tion  a f te r  the la s t  w ar, the lea d  content o f the 
a tm osp h ere  d ec rea sed  g en e ra lly  to  som eth in g  m ore  than ha lf o f i ts 
p rev iou s le v e l .  ; -

I th ink, i f  I m ay aay so , that p resen t a ttem p ts to  est im a te  the p ropor­
tiona l con tr ibu tions m ade to the lea d  in  the a tm osph ere  in  L os A n ge les
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w il l  be h igh ly  sp ecu la t iv e  and la rg e ly  fu t i le  un til and u n less  sp ec if ic 
com pounds o r  fo rm s o f lead  have been iden tif ied  and re la ted  to  sp e c if ic 
so u r c e s . The poten tia l so u rces  have not been  exp lo red  even q u a lita tive ly , 
so  fa r  a s  I know, by anyone, and assu m p tion s con cernin g  them  w il l be 
a bit na ive to sa y  the le a s t , s in ce  the situ a tion  th ere  m ay d if fe r  app re­
c iab ly  fro m  th ose cliat m ay he encoun tered  e lse w h e re , b eca u se  of 
d if fe ren ces  in  the pattern  and d irec t io n s o f m a jo r  and m in or  a ir  cu r ren ts  
and in the loca tion , num ber and type of so u r ce s  of p a r ticu la te  lea d .

Y/e have g iven  som e con sid era tion  from  t im e to t im e  to  m eans o f 
iden tify ing  va r iou s lea d -b ea r in g  m a te r ia ls  in re la tion  to sou rces, but 
we ha ve not m ade m uch p r o g r ess  in the developm en t o r  app lica tion  of 
such m eth od s. 1 su sp ec t that th is cou ld  be done even tu a lly  i f  th ere  w ere  
adequate rea so n s fo r  so  doing, but in v iew  of the sm a l le r  s ig n if ica n ce  o f 
lea d  in the a tm osp h ere  o f urban cen te rs  (apart fro m sp e c if ic  in d u str ia l 
en v iron m en ts)' as  a  so u rce  o fh u m a n  ^ead absorp tion , in  com p ar ison  with 
the qu an tit ies which o ccu r  regu la r ly  in human food and b e v e ra g e s , the 
im petus fo r  such  w ork has been that of sc ien t if ic  cu r io s i ty  ra ther  than  
u t il i ty . To be a b it m o re  sp e c if ic  as to  the am ounts o f lea d  invo lved  in 
the d a ily  l i f e  of norm a l in d iv id u a ls, .if is  fa ir  t o sa y  that the am ount o f 
lea d  in. the a ir  b reathed in  (not absorbed) by the average urban c it izen 
is  ap p rec iab ly  le s  s than 0 .1  m g . per day. Of th is quantity som eth ing 

' less, than 'half; on the a v e ra g e , in a l l  p rob ab ility , is  reta ined  in  the 
resp ir a to r y  app ara tus, the rem a in d er  being carried, out o f the body in 
the exp ired  a ir . P r a c t ic a l ly  a l l  o f the lead  of th is  type that is  reta ined 
in  the lung is  absorbed  even tu a lly , and par t of that which is  trapped in 
the upper resp ira to ry  apparatus i s  sw a llow ed , the rem a in d er  being 
exp ecto ra ted  o r  ca r r ied  out w ith n a sa l d isc h a r g es . Thus it m ay be 
teen ' that a s e r ie s  of v a r ia b les  w hich r e la te  p r im ar ily  to the s iz e  of the 
p a r t ic le s  of lead  com pounds in  the a tm osp h ere  d eterm in e th e ir  fa te  in 
the body. It is  reasonab ly  ce r ta in , h ow ever , on the b a s is  o f ba lance 
m etab o lic  ex p e r im en ts , that som eth ing  le s s  than 0 . 03 m g. of lea d  p e r 
day Is absorb ed  from  the a tm osp h ere  (in  C incinnati); the am ount m ay 
w e ll b e  a s  sm a ll as 0 . 0 1 m g . p e r  day, and i t  is  not m uch d if fe ren t in 
o th er  A m er ica n  c i t ie s ,  •including L os A n g e les , a s  judged by the ava ilab le 
da ta . ' '

In con trast, the a v e ra g e  am ount o f lea d  taken in  by the a v erage  A m er ican 
in .food  and d r ink  is  ap p rox im ate ly  0 . 33 m g . per  day, th is being the 
p r in c ip a l so u rce  o f h is  regu la r  absorp tion  of lea d . Som ething o f the 
ord er  e f  1 /10 o f th is quantity is  absorbed  into th e  body d a ily  under average 
con d it ion s, the rem a in d er  being evacu ated  in th e f ec e s .
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The fo rego in g  qu an tit ies o f lead  a re  taken c a re  o f qu ite adequately  in  the 
hum an econom y, ana m ere  is  good ev id en ce that th e re is  a  sa t is fa c to ry 
fac to r  of sa fe ty . We a re  engaged In d eterm in in g , am ong other th in gs, in 
cu r ren t exp er im en ts on the m e ta b o lism  o f  lea d  in  hum an su b jec ts , the 
actu a l m agn itude o f th is fac to r  o f sa fe ty .

I have gone to so m e length  in  com m enting on se v e r a l a sp ec ts  of the s itu a ­
tion  in w hich you a re  in te rested , la r g e ly  b eca u se  th ere  has been  a  s e r ie s 
of fo o lish  and ir r esp o n s ib le  s ta tem en ts concern ing it in  a num ber of so 
ca lled  new s r e le a s e s . It se e m s  the b e tte r  part of wisd om  not to augm ent 
th e se  in the pub lic p r e ss  by  fu r th er  sp ecu la t iv e  com m ents on the su b jec t.

S in c e r e ly  y o u r s ,
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, R ob er t A . K o lioe, M . D .
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