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acknowledged o f a memo random dated October 11» 
Professor o f  Ohemistry, relatin g  to the possible  

new fuel for gasoline engines*

l4  appears to 1his o ffice  that the p o s s ib il it ie s  of a real 
health  menace do e x is t  in  the use o f  sooh a fu e l and i t  i s  deemed 
advisable that the Service should be provided with some experimental 
evidence tending to support th is  opinion*

Yon are requested, therefore» to take up with the D ivisions 
of Chemistry and Ifcarmaoology in  the Laboratory the question of 
designing certa in  experimental work calculated to furnish dependable 
data on the subject» and to transmit th is plan with your recenmeDela­
tions to th is  office*

By d irection  of the Surgeon General*

R espectfu lly ,

IMS,ABB.
(A. M. STIMSOH) 

Assistant Surgeon General*
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DIRECT SURGEON NORMAN ROBERTS ATTEND MEETING AMBRICANCI£BM- 
ICAL SOCIETY .RUM70RD HALL PIETY TWO EAST PORTY KRST STREET SB*
YORK CITY NOVEMBER TEN EIGHT PM REPORT ON ADDRESS BY THOMAI 
UIDGLEY GASEOUS DETONATION AND ITS CONTROL PERIOD SERVICES IN­
TEREST IS IN POSSIBLE POISONOUS EPPECTS 07 LEAD COMPOUND IN 
GASOLENE

M idgley h a s  sought to  in c re a se  th e  e f f ic ie n c y  o f  g aso len e  
a s  a f u e l  fo r  in te rn a l-c o m b u s tio n  en g in es . To t h i s  end he has 
sought to  com press th e  a ir-w ap o r m ix tu re (b e fo re  th e  com bustion 
s ta g e  in  th e  c y c le )  beyond th e  p re s e n t p r a c t ic a b le  l i m i t s .  To 
t h i s  end he h as s o ig h t a  chem ical substance w hich , when added in  
sm a ll amounts to  th e  gaso lene ,w ou ld  p rev en t th e  com bustion o f  the  
h ig h ly -co m p ressed  e x p lo s iv e  m ix tu re  from assum ing a  v io le n t  or 
d e to n a tin g  c h a r a c te r ,  t h i s  ten d in g  to  d e s tro y  th e  m otor. In  
c h a u f f e u r 's  la n g u a g e , he h as t r i e d  to  in c re a se  th e  m ileage of 
g aso len e  by adding  to  i t  an* an ti-k n o c k "  su b s ta n c e .

.M idgley found th a t  the  b e s t  and indeed p r a o t i c a l l y  the  only  
w o rth -w h ile  a n ti-k n o c k  substance  was t e t r a - e t h y l - l e a d ,  Pb(C«H5) 4 , 
a h i th e r to  l i t t le -k n o w n  m e ta llo -o rg a n ic  l iq u id  f r e e l y  so lu b le  in  
and v o l a t i l e  w ith  g a so le n e . T e t r a - e th y l - le a d  in  c o n c e n tra te d  
form  i s  d e sc rib ed  as  a heavy, m obile l i q u i d ,  s a a l l i n g  l ik e  w itch  
h a z e l .  As a  v ap o r, i t  i r r i t a t e s  th e  eyes and nose . As a  l iq u i d ,  
i t  i r r i t a t e s  th e  s k in  o f th e  hands. I f  im properly  m an ip u la ted , 
i t  can produce le a d  p o iso n in g ’. But as an a n tik n o c k , i t  i s  r e ­
q u ire d  in  th e  p ro p o r t io n  of on ly  3 cu b ic  c e n tim e te rs  to  th e  g a llo n  
o f g aso len e ; and sucn a m ix tu re  oan be h an d led  in  any reaso n ab le  
way w ith o u t to x ic  e f f e c t s .

When t n i s  le a d -c o n ta in in g  g aso len e  i s  burned  in  a m o to r-c y l­
in d e r ,  the le a d  i s  co n v e rted  in to  a s o l id  in o rg a n ic  form . I t

#



would n a tu r a l ly  1)0 supposed th a t  th e  ex h au st would c o n ta in  f in e ly -  
d iv id e d  p a i t i o l e a  of some le a d  compound; and t h i s  f r e e  ev acu a tio n  
o f th e  le a d  1b a  n e c e s s i ty  f o r  th e  p r a c t i c a l  co n tin u o u s use o f the  
f u e l  in  a  motor* But M idgiey s t a t e s  th a t  th u s  f a r  in  h is  ex p e r­
im en ts  no le a d  has been  dem onstrab le  in  h i s  e x h a u s t g as . On the  
c o n t r a ry ,  i t  a l l  seems to  c l in g  to  th e  w a lls  o f  th e  com bustion 
chamber,, im p a rtin g  to  th e  "carbon" a  g ra y ish  ap p ea ran ce , a t ta c k in g  
th e  n ic k e l o f th e  sp a rk -p lu g  p o in ts ,  and n e c e s s i t a t in g  undu ly  f r e ­
quen t c le a n in g s  and rep lacem en ts  in s id e  th e  c y l in d e r s .  M idgley 
i s  ex p e rim en tin g  w ith  o th e r  compounds w hich, added to  th e  gaso lenp  
w i l l  o b v ia te  t h i s  draw back, and w i l l  cause th e  le a d  to  scavenge, 
ou t w ith  th e  o th e r  w aste p ro d u o ts .

The p resen ce  of le a d  in  th e  ex h au st w i l l  (when th e  p ro cess  
h a s  advanced to  t h i s  s ta g e  of developm ent) add a n o th e r  poisonous 
c o n s t i tu e n t  to  th e  carbon  m onoxid-already  p re s e n t  in  the  exhaust 
g a s e s . M oreover, le a d  as a  p o iso n  i s  cu m u la tiv e . Hence th e  
p u b l ic - h e a l tn  q u e s tio n  a r i s e s :  W ill th e  use o f le a d  f o r  t h i s  p u r­
pose cause le a d  p o iso n in g  in  those b re a th in g  th e  ex h au st g ases?
The p r o b a b l e  a n s w e r ,  a c c o r d i n g  t o  M id g le y ,  i s  No; and  f o r  t h e  f o l ­
l o w i n g  r e a s o n ! -  Owing t o  t h e  c a r b o n  monoxid p r e s e n t  i n  a l l  a u t o ­
m o b i l e  and s i m i l a r  e x h a u s t  g a s e 3 ,  t h e r e  must  be  f r e e  v e n t i l a t i o n  
i n  a l l  s p a c e s  i n t o  w n ic n  t h e s e  g a s e s  e s c a p e ,  i f  t h e  a i r  o f  t h e s e  
s p a c e s  i s  t o  be b r e a t h e d .  E x p e r i m e n t s  p r e l i m i n a r y  t o  the  con­
s t r u c t i o n  of t h e  L o w e r - i l a n h a t t a n - J e r s e y - C i t y  v e h i c u l a r  t u n n e l  
snow t h a t  t h e  h i g h e s t  r e a s o n a b l y - 3 ore  c o n c e n t r a t i o n  o f  c a r b o n  
m onoxid  i s  a bou t  0 .0 1  o f  1 p e r c e n t ,  t h i s  p r o p o r t i o n  b e in g  b r e a t h ­
a b l e ,  w i t n o u t  d e m o n s t r a b l e  harm, f o r  a s  muon a s  f o u r  h o u r s  e v e r y  
day  i n d e f i n i t e l y .  Even  i f  a l l  a u t o m o b i l e s  ufcigg t h e  v e h i c u l a r  
t u n n e l  u s e d  t h i s  l e a d - c o n t a i n i n g  g a s o l e n e ,  and  e v e n  i f  a l l  t h e  
l e a d  i n  th e  g a s o l e n e  were d i s c h a r g e d  i n t o  t n e  a i r  o f  th e  t u n n e l , ,  
t h e  c o n c e n t r a t i o n  of  l e a d  i n  t h e  a i r  o f  th e  t u n n e l  would  s t i l l
be t o o  low t o  p r o d u c e  any t o x i c  e f f e c t  W h a tev e r .  In  o t n e r  w o rd s ,  
t h e  more t o x i c  s u b s t a n c e ,  c a r b o n  m o n o x id ,would p r o b a c l y  p r e v e n t  
t h e  a b s o r p t i o n  o f  t h e  l e s s  t o x i c  s u b s t a n c e ,  l e a d ,  even  u n d e r  t h e  
m ost  u n f a v o r a b l e  c o n d i t i o n s  known t o  e x i s t ,  i n  s p i t e  o f  t h e  more 
c u m u l a t i v e  c h a r a c t e r  o f  th e  l e a d .  T h i s ,  h o w ev er ,  i s  t h e o r y  o n ly ;  
and M id g le y  s a y s  t h a t  he would welcome c o - o p e r a t i o n  and e x t e n d  
f a c i l i t i e s  f o r  t o x i c o l o g i c  i n v e s t i g a t i o n  i f  d e s i r e d .

C0!Si£3?S BY ROBERTS.
T h e r e  a r e  a v a i l a b l e ,  h e r e  an d  now, no f i g u r e s  s h o w in g  t h e  

a c t u a l  t o t a l  a m o u n t o f  a c c u m u la te d  l e a d  n e c e s s a r y  t o  c a u s e  c h r o n i c  
hum an p lu m b is r n , n o r  t h e  am o u n t o f  l e a d  w r i c k ,  a f t e r  b e i n g  i n g e s t e d  
i n  s m a l l  q u a n t i t i e s ,  t h e  hum an body  i s  a b l e  t o  g e t  r i d  o f  d a y  a f t e  
d a y ,  -w ith o u t c a u s i n g  u n d u e  s t r a i n  on th e  o r g a n s  o f  e l i m i n a t i o n .
As a n  e s t i m a t e ,  t n e  hum an b o d y  w o u ld  p r o b a b l y  r e q u i r e  a  r a t h e r  
l a r g e  am o u n t o f  l e a d ,  o v e r  one  gram m e a t  t h e  l e a s t ,  t o  s a t u r a t e  
i t  t o  a  h a r m f u l  d e g r e e ;  a n d  i t  c o u ld  g e t  r i d  o f  o n l y  a  s m a l l  am oun 
n o t  o v e r  a b o u t  5 m i l l i g r a m m e s ,  e a c h  d a y .  A f a i r - s i z e d  c a r ,  w o rk -  
i  on K i d ^ e l e y  s  l e a d - c  o b t a i n i n g  g a s o l e n e  w o u ld  consum e
s a y  3 o r  4 g a l l o n s  d a i l y  a n d  d i s c h a r g e  i n t o  t h e  a i r  a b o u t  7 gramme



of le a d .  I f  as much as  o ne-one-thousand th  of th e  t o t a l  ex h au st 
were absorbed  by any one man, day a f t e r  day, he would p ro b ab ly  
accum ulate le a d  and u l t im a te ly  be po isoned . But as  no suoh p ro ­
p o r t io n  of th e  t o t a l  ex h au st i s  eveT b rea th ed  by onyone day a f t e r  
day , the  p o s s i b i l i t y  of le a d  p o iso n in g  from t h i s  source i s  to  be 
reg a rd ed  as rem ote. ^

I t  would n e v e r th e le s s  seem advisab le" I f  p r a c t ic a b le  to  de--;,‘ . 
t a i l fL a  com petent S e rv ice  r e p re s e n ta t iv e  to  s tu d y  th e  e f f e d ts ^ o f  i 
t h i s  le a d -c o n ta in in g  ex h a u s t, s u i ta b ly  d i lu t e d  w ith  a i r ,  on a n i­
mals« I f  M id g ley 's  work i s  com m ercially  s u c c e s s fu l ,  as  seems 
l i k e l y  c o n s id e r in g  i t s  n a tu re  and the r in a n o .ia i s ta n d in g  or th e  
p a r t i e s  i n t e r e s t e d ,  la rg e  q u a n t i t ie s  of: le a d -c o n ta in in g  g aso lene  
w i l l  soon beg in  to  be used a s  motor f u e l ;  and even i r  such tu rn s  
ou t not to  ibe the  c a s e , the to x ic o lo g ic  f a c t s  o b ta in a b le  would :*, 
be o r perm anent value« 'f*” I

I  deS ire  acknowledge M r.M id g ley ^  c o u r te s y  to  me p e rso n ­
a l l y  a n d /a  S erv ice  r e p r e s e n ta t iv e ,  in  e x p la in in g  and am p lify in g  
th e  p o in ts  of h is  ad d re ss  in  which tne S e rv ice  i s  most i n t e r e s t ­
ed .

l i e s p e c t f u l l y  ,

S u rg e o n

H e s p e c t f u l l y  f o r w a r d e d :

S u rg e o n

C h ie f  M e d ic a l  O f f i c e r
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November 18, 1922.

D r. Norman R o b e r ts , 
Q uarantine S ta t io n ,  
S ta to n  I s la n d , N. Y.

My d ear D octor R o b e r ts : -

I  have  yours o f  November 1 3 th , w ith  e n c lo s u re . I 
th in k  you have g o t te n  th e  s i tu a t io n  rem arkably  w e ll ,  and I  have 
no comments o r c o r r e c t io n s  to make. However, s in ce  ta lk in g  w ith  
you, we have been making some rough c a lc u la t io n s ,  and f in d  th a t  in  
the  v e h ic u la r  tu n n e l w ith  th e  v e n t i l a t io n  as proposed by F ie ld n e r ,  
which is  co n sid ered  a b so lu te ly  e s s e n t ia l  to avoid the  dangers o f 
carbon m onoxide, a  nan  w i l l  tak e  in to  h is  lungs approx im ate ly  1 Jz 
n ilo g ra n  o f  le ad  in  the  fo u r  h ou rs th a t  F ie ld n e r  c a lc u la te s  as a  
maximum le n g th  o f  tim e he should spend in  th e  tu n n e l .  How much o f tu. 
th i s  1 /2  n i lo g r a n  w i l l  be absorbed i s ,  of c o u rse , an im possib le 
q u e s tio n  to answer a t  the p re s e n t tim e, bu t i t  does not seem l ik e  a 
v e ry  la rg e  amount a t  the m ost. People must be g e t t in g  th is  much 
lead  r e g u la r ly  a lre a d y  in  a  g re a t many o th e r  l i n e s  o f  work.

I  s in c e r e ly  w ish  th a t  you m ight be d e ta i le d  on t h i s  prob­
lem, a s  I an su re  th a t  we could work to g e th e r  w ith  m utual s a t i s f a c ­
t io n .

Always w ith  th e  k in d e s t  p e rso n a l r e g a rd s , I  am

Ver;' t r u l y  y o u rs ,

(SIGNED) ÜEQLAS MIDGLEY, JR .,

C h ief E n g ineer,
Fuel S e c tio n .

TU-J r . -  D
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Th* attached f i le  « ilk  r«ap«rt to tbOnintrodaet Jon o f lead t i t n  o tto ^ ^ :&  
•* an ndmlctaro to gofolino iaresp eetfiO lr returned to  tho 
for tho etteolloo -of dsslstan* Sw*#oo O « ^  X lU S tlju «
that the ri«k of load poisoning fro* the i | i  of lead tetro ethyl in gasoline had', 
been oarefplly oeseldered md th is o ffice  i t  not disposed to  reeooeemd V 
•ny experimental Investigation of the oubjeet a t the. present time for the 
followingreeuMest -. ^ '••• ,,v’; v- ̂ '-vr̂ r?-- i' ' ' *.i '*" '•/* . v--

F3V - - ■
X* 10 secure trustworthy data would roqoirft t  considerable period of 
perhaps a year. Thl* daisy would probablypreveatrssulta of an *p«r1  ̂ .
inTiitigiU oB froa bolnf of moot prsetieal use aimed tko tr ia l o f tko matsrislwnder 
ordinary conditions tkould showwhether thwro i t  risk to non*

2* Experimental data of oitbor a positive or negative aaturo would bo toot •, . 
d iffic u lt to interpret with roopoct to tho hazard to human beings alnoo wo 
haft almoat no Information at to tho rolatifo auaooptlbility to load of man and o f 
laboratory aninalo.

3« Experimental roaulta would apply to a limited aet of oonditlons which might 
or might not prevail in the use of the material in gas engines.

I t  seems, however, to th is  o ff  lee that i t  would be eminently proper to oomounicato 
with the Banufaoturere, pointing out the p o ss ib ility  o f harm and inquiring 
as to whether or not th is  feature has bean given coni itera tion .

It ia  believed that i t  would also bo proper to advise health o ff ic e r s  o f tbs 
proposed use of lead tetra  ethyl and suggest the ad v isab ility  of careful watch 
being kept for aan ifestations of lead poisoning.

G.f.HeCoy, 
Di rector.

\
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Dece Liber DO, 1922.

h r .  P . S .  DuPont, Chairman,
B oard, B. I .  DuPont de Honours and Company, 
.. iln u n g to n , Delaware.

Dear S ir :

a  r e p re s e n ta t iv e  of th i s  S e rv ice  wno was d e ta i le d  to  
a tte n d  a re c e n t m eeting o f th e  American Chemical S o c ie ty  in  Kew 
Yora, has re p o rte d  to the Bureau upon tne proposed use o f  lead 
t e t r a  e tn y l in  connection  w ith  fu e ls  fo r  g aso lin e  en g in es , which 
su b je c t was d iscussed  a t the  m eeting , and i t  appeared th a t  tne 
DuPont de Kenours Coi.pany was in te r e s te d  in  tne development and 
commercial in tro d u c tio n  of t h i s  su b stan ce .

Inasmuch as i t  i s  understood  th a t  when e:upioyea in  gas­
o lin e  eng ines, th i s  sucs-ance  w i l l  add a  f in e ly  d iv ided  and non- 
d i f f u s ib l e  form of lead to the exh au st g ases , and fu r th e rm o re , 
s in c e  cead po ison ing  in  human b e in g s  i s  o f the cum ulative type r e ­
s u l t i n g  f re q u e n tly  from tne  d a i ly  in ta k e  o f m inute q u a n t i t i e s ,  i t  
seems p e r t in e n t  to in q u ire  w hether th e re  mi gat not be a  decided 
h e a l th  hazard  a sso c ia te d  w ith  the  ex ten s iv e  use o f lead  t e t r a  e th y l 
in  en g in es .

B e liev in g  th a t  th is  phase o f the q u e s tio n  must nave re ­
ceived  a t te n t io n  from th o se  in te r e s te d  in  tne p r o je c t ,  I an w r i t in g  
to  me á r e  vh.etuer your company has c o lle c te d  any ex p erim en ta l o r 
o th e r  d a ta  b ea rin g  upon the danger o f le ad  p o iso n in g  from th is  
s :u rc e .

t r u l y  you rs,

—  i i • c .
Burgeon g e n e ra l.

imJüjjÜ



1  representative of..
attend & recent meeting of the American Cliemloal Socit.t# ^ .***■*■■*•& 
York, has reported to the BjBrem x^oa the proposed use <jf le||^^f>== 
te tra  ethyl in  connection with fuelf for j^asoline 
subject was discussed a t the meeting, fixid^lt;!^pei 
DuPont de Demour* C01153any was interested in the development and .#  * 
commercial introduction of th i s  substance*

Inasmuch as i t  i s  understood th a t  when employed in  gas» 
ô l in e  e n g in es , th i s  su b stan ce  w i l l  add a  f i n e ly  d iv id ed  and non» 
d i f f u s ib le  form  of lead  to the  exh au st g a se s , and fu r th e rm o re , 
s in c e  lead p o iso n in g  in  human b e in g s  is  o f the  cum ulative  type re»  
s u i t i n g  f r e q u e n t ly  from th e  d a i ly  in ta k e  of m inute q u a n t i t i e s ,  i t  
seems p e r t in e n t  to  in q u ire  w hether th e re  m ig it no t be a  decided  
h e a l th  hazard  a s s o c ia te d  w ith  the ex ten s iv e  use  o f le ad  t e t r a  e th y l 
in  en g in es .

B e lie v in g  th a t  t h i s  phase of th e  q u e s tio n  must have re ­
ce ived  a t t e n t io n  from th o se  in te r e s te d  in  the  p r o je c t ,  I  an w r i t in g  
to  in q u ire  w hether your conpany has c o l le c te d  any experim en ta l or 
o th e r  d a ta  b e a r in g  upon th e  danger of le a d  p o iso n in g  from t h i s  
source*

Very t r u l y  you rs,

(SIGNED) E. S. CUiaiING,
Surgeon G en era l.

KJDB
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D o c t o r  H. S.  Cumming: December 30 ,  1922.

a r e l a t i v e l y  sm a l l  p o r t i o n  o f  t h i s  m i l l i g r a m  w i l l  be  
r e t a i n e d  by t h e  human s y s te m .  D o c t o r  Y a n d e l l  
H enderson  c o n s i d e r s  the  a b s o r p t i o n  o f  one m i l l i g r a m  o f  
l e a d  p e r  d a y  a s  d a n g e r o u s .  We f e e l  a b s o l u t e l y  c o n f i ­
d e n t  t h a t  u n d e r  the  c o n d i t i o n s  t h a t  w i l l  e x i s t  i n  t h e  
v e h i c u l a r  t u n n e l ,  t h a t  p e o p l e  exposed  to  t h i s  a tm o s p h e r e  
w i l l  o n l y  a b s o r b  a  v e r y  s m a l l  p a r t  o f  one m i l l i g r a m .
The w o r s t  c o n g e s t e d  s t r e e t s  w i l l  c e r t a i n l y  b e  much b e t t e r  
t h a n  th e  v e h i c u l a r  t u n n e l ;  w h i l e  t h e  a v e r a g e  s t r e e t  w i l l  
p r o b a b l y  b e  so f r e e  from l e a d  t h a t  i t  w i l l  be i m p o s s i b l e  
to  d e t e c t  i t  o r  i t s  a b s o r p t i o n .

We e x p e c t  i n  t h e  n e a r  f u t u r e  t o  p l a c e  a 
s m a l l  q u a n t i t y  o f  t h i s  l e a d  compound on th e  m a r k e t  i n  
some d i s t r i c t s .  T h ere  w i l l  n o t  be  enough l e a d  u se d  i n  
t h e  e a r l y  s t a g e s  o f  t h i s  d e v e lo p m e n t  to  p r e s e n t  any 
h e a l t h  h a z a r d  w h a t s o e v e r  and d u r i n g  t h i s  p e r i o d  we p r o ­
pose  t o  i n v e s t i g a t e  th e  t o x i c i t y  o f  t h e s e  e x h a u s t  g a s e s  
v e r y  t h o r o u g h l y  so as to  d e t e r m i n e  . just  wha t  t h e  u l t i m a t e  
l i m i t  to  th e  u s e  o f  l e a d  compounds a c t u a l l y  i s .  We hope 
t o  s e c u r e  y o u r  m ost  h e a r t y  c o o p e r a t i o n  i n  c a r r y i n g  on. 
t h i s  w ork .

T r u s s i n g  t h i s  i n f o r m a t i o n  w i l l  c l a r i f y  th e  
s i t u a t i o n  i n  your  mind, I  b eg  to r em a in

Very t r u l y  y o u r s ,

T l i - J r -D

$
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