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PROPOSED STUDI UPOIi m ST OASES "V

Sine© the effects of acute episodes of exposure to  

engine exhaust gases {l)upon the aged, the chronica lly ill,  

those with degenerative or card!o-vascular diseases, (2)upon  

the well being of people in later years and (3)upon  the  

life span of human beings, have not been studied, i t is  

desirable to establish levels of tolerance to these  con­

taminants* ‘ -

One phase of these studies should include toxicolog ic  

and physiologic studies of exhaust gases from both recipro­

cating and diesel engines* . '

Since exposure to this typo of genoral atmospheric  

pollutant may continue for 18 to 2l| hours per day as contrasted  

■ with 7 or (i  hours under conditions of i ndustrial air pollutio n,  

it is wise to consider the relationship of tolerance o f  

animals and men in terras, of intermittent and continuou s,  

exposure to low concentrations of these exhaust fume s, in  

which clinical and functional tests may be applied.

Before prolonged exposure is investigated, certain short  

term experiments with animals could be conducted to  ascertain  

unknown basic facts in relation to the combined effe cts of

multiple pollutants at higher levels* This might se rve as  

a practical guide in an attempt to eliminate (by cata lytic  

oxidation or absorption) from the exhaust those sub stances
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which are most potent physiologically#

A standard -uniform gasoline should be employed in the  

engine in brief and prolonged studies* Selected sat urated  

aliphatic hydrocarbons should fee studied separatel y and in  

combination to ascertain whether the combustion prod ucts of  

two materials of the same type give a resultant tox icity  

that is equal to the sum of  the two or more or less t han  

this value* This night be considered from the stand point  

of Cl) 2 hydrocarbons each with an even number of c arbon  

atoms« (2) 2 materials each with an odd number of ca rbon atoms  

and (3) one hydrocarbon with an even number of carb on atoms  

and tne other containing an odd number of carbon ato ms. The  

relationship of straight and branched chain hydroca rbons  

might be considered* The tox5.c  effects of unsaturated and  

ring hydrocarbons could be considered*

Tho vapors of aldehydes, ketones and peroxides migh t  

be studied in a similar manner both as individual co mpounds  

and combinations of materials with the same functio nal group*  

Tho combined effects of the vapor of 2 materials with  

dif-’erent functional groups should be considered*

It should be determined whether the toxicity of the  

vapor of one or more of these compounds is enhanced  or  

decreased in the presence of finely divided particu late  

matter {fumes, mists, smokes).

A  similar pattern might be followed in the case of
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diesel fuel, in which many of the materials of  deco mposition

might be i n :common* ; ' '

;.*iSxe  selection of specif ic• compounds would be dependen t  

upon the composition of tne actual -exhaust gases as  deter­

mined by practice and' experimentation«

In all studies analysis of the air should be perfor med 

and selected -tissues' of animals should fe e' studied patho ­

logically* Mortality, growtli curves,- tissue weigh ts, clinic  

and functional tests* as well as the fate of the mater ials

in the body should be studied whenever applicable*

: Such studies do not supplant but rather complimen t

sensory, carcinogenic and epidemiologic studies*

Such studies eventually lead to the establishment o f  

a safe level of these pollutants and dispel certain  fears  

of the unknown*
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l .  IDEAS ON  T H E ASSE SSM EN T  O F  T H E CON T RIBUT ION  
TO ILL. H E ALT H  M ADE B Y T H E P R OD UCT S D ER IVED  
F R OM  T H E USE O F  AUT O M O T IVE  F U E L S ,

■ ' . ' ' F . F . H , " ' ■ - ' ' ' -

St a te m e n ts  h a ve  b e en  m a d e , p a r t icu la r ly  in  th e  Lo s  An ge le s  

a r e a , t h a t  th e  e xh a u s t  g a s e s  fr o m  a u to m o t ive  eq u ip men t  m a y  b e  in  

la r g e  p a r t  r e s p o n s ib le  fo r  th e  ir r it a n t  e ffe c t s  o f the s m o gs  in  th a t  

a r e a , an d  th a t  th e y m a y  h a ve  co n t r ib u te d  m a t e r ia lly to  th e  m o r t a lit y  

e n co u n te r e d  in  the e p iso d e s  o f sm og in  Lo n d o n . Th e  au to m o t ive  

in d u s t r y  m u s t  be  p r e p a r e d  to  a n s w e r  t h e s e  ch a r ge s  with  fa c t s  ob ta in ed  

b y e xp e r im e n t a t io n , I t  sh ou ld  le a r n  the e ffe c t s  o f it s  w a s t e  p r o d u ct s , 

u n d e r  n o r m a l m e t e o r o lo g ica l co n d it io n s , q u ite  a p a r t' fr o m  th o se  th a t  

h a ve  g ive n  r is e  to s m o g s . It  ca n  do t h is  o n ly  by  a n  e xp e r im e n t a l s tu d y 

o f the p o te n t ia l h a r m fu ln e s s  o f it s  p r o d u cts  up on  an im a ls , ju s t  a s  o f 

r e ce n t  yea r 's  ce r t a in  gr o u p s  in  th e  ch e m ica l in d u s tr y  h a ve  b een  d o in g 

p r io r  to the in t r o d u ct io n  o f new  ch e m ica ls  w h ich  m ay  a ffe c t  the h e a lt h  

o f it s  w o r k e r s , o r  a s  w a s  done p r io r  to.-and: s in ce th e  in t r o d u ct io n  o f 

t e t r a e t h y l le a d  in to  g a s o lin e .

Be fo r e  d e s cr ib in g  th e  s o r t  o f p r o gr a m  th a t  is  e n v isio n e d , i t  m a y  

b e  s a id  th a t  th e  a t t e m p ts  w h ich  h a ve  been  m a d e  t o  exp la in  th e  va r io u s  

fa c t o r s  w h ich  m a y  h a ve  co n t r ib u te d  to t h e  m o r b id it y o r  m o r t a li t y  

a s s o c ia t e d  w ith  e xp o su r e  fo r  b r ie f p e r io d s  o f a  fe w d ays  to  s m o g s ,a s  a t  

Do n o xa , Lo n d o n , o r  Lo s  An ge le s  .h ave  s e r ve d  o n ly  to co n fu se  th e  is s u e  

o f th e  r e s p o n s ib ilit y  o f th e  a u to m o t ive  in d u s t r y . Th e y  h a ve  a l l  b een  

co m p lica t e d  b y o t h e r  fa c t o r s , s u ch  a s  th e  p r e s e n ce  o f o th e r  in d u s t r ia l 

p o llu t a n t s  o r  o f th e  p r o d u cts  o f co m b u s t io n  o f o t h er  fu e ls  u se d  fo r  6 7 6 9 .0 1



h e a t in g . Th e y h a v e , h o w e ve r , s e r ve d  to  d e m o n s t r a t e  the p r e s e n ce  o f 

ce r t a in  fa c t o r s  w h ich  m u s t  be  taken  in to  a cco u n t  in a n y  s tu d y d es ign e d  

to  a s s a y  th e  co n t r ib u t ion  o f th e  a u to m o t ive  in d u s t ry . Th e s e  in clu d e  (a) 

th e  fa c t  th a t  th e '-exp osu r e  h a s  been  m o r e  o r  le e s  con t in u ou s  th r oughou t  

th e  d u r a t ion  o f th e  ep isod e , so th a t  va lu e s  fo r  t h re s h o ld  co n ce n t r a t io n s  

p r o p o se d  b y. in d u s t r ia l h yg ie n is t s  on  th e  b a s is  o f th e  e xp o su r e  o f n o r m a l 

a n im a ls  fo r  ? h o u r s  p e r  d a y , on  5 d a ys  p e r  w e e k , m ay  n o t  be a p p lica b le ;

(b) th e  h u m an  m o r b id it y  a n d  m o r t a li t y  h a ve  o ccu r r e d ch ie fly  am o n g th e  

a ge d  and  am on g th o se  a ffe ct e d  b y  ca r d ia c  o r  r e s p ir at o r y  d is e a s e s ; {c) th e  

p o s s ib il i t y  o f s y n e r g is t ic  a ct io n  be tw een  th e  va r iou s  p o llu ta n ts  a p p e a r s  

t o  h a ve  b een  r e n d e r e d  l ik e ly ; (d) ce r t a in  p h o to ch e mica l r e a ct io n s , a t  

le a s t  in  th e  hrds An ge le s  a r e a ,a r e  b e lie ve d  to  h ave give n  r is e  to the 

p r e s e n ce  o f a ld e h yd e , p e r o x id e , an d  p e r h a p s  o th e r  in te r m e d ia te  com p ou n d s , 

w h ose t r a n s it o r y  e x is t e n ce  m a y co n t r ib u te  to  t o x ic it y ; {e) th e  p r e s e n ce  o i 

liq u id  o r  s o lid  p a r t icu la t e  m a t t e r  m a y  h a ve  a ffe ct ed , the ' r e s u lt s .

In  b egin n in g th e  p r o g r a m , a n im a ls  sh ou ld  .be e xp o sed  con t in u ou s ly 

to the e xh a u s t  ga s e s  s u it a b ly  d ilu t e d  w ith  a i r  fr o m s o m e  s e le ct e d  fu e l.

Th e typ e  o f a u to m o t ive  eq u ip m en t  s e le c t e d  sh ou ld  be o p e r a te d  in  the 

la b o r a to r y , an d  both  it  an d  th e  typ e  o f fu e l sh ou ld h e  v a r ie d  fr o r n  t im e  to 

t im e  a s  th e  r e s u lt s  d ic t a t e . Th e  f i r s t  ea tp er im en te 3hou id  be p e r fo r m e d  

a t  a s  g r e a t  .a co n ce n t r a t io n  a s  s e e m s  p o s s ib le  in  vie w  o f th e  d e te r m in ed  

CO co n ce n t r a t io n . In  su b se q u e n t  e xp e r im e n t s  th e  co nce n t r a t io n s  sh ou ld  

b e  r e d u ced  s te p w is e  u n t il a  s a fe  co n ce n t r a t io n  h a s  b een  fou n d . Th e  exp o ­

s u r e  m igh t  w e ll b e  con t in u ou s  fo r  a b ou t  20 h o u r s  p e r  d a y , an d  th e  food  

and d r in k  p r o v id e d  m igh t  w e ll b e  a llo w e d  to  b e co m e  co n tam in a te d  to
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e lim in a t e  the o b je ct io n s  to fa c t o r  (a) in  th e  p r e ced in g p a r a gr a p h . Th e  

m o t o r  m igh t  bo o p e r a te d  in  a  r oom  s e p a r a t e d  and  aout id -p r oo fed  to 

p r e ve n t  in t e r fe r e n ce  w ith  th e  s le e p in g h a b it s  o f the  a n im a ls . It e m  {.1} 

m igh t  b e  co ve r e d  in  s o m e  e xp e r im e n t s  b y in se r t in g, an  u lt r a v io le t  s o u r ce  

in  th e  d u ct  fo r  in co m in g a i r . In  ce r t a in  e xp e r im e n ts , it  m igh t  foe 

n e ce s s a r y  to -.r e m ove  CO ca t a ly t ic a l ly , in  o r d e r  to foe a b le  to study  th e  

e ffe c t s  o f le s s  t o x ic  -com p on en ts  o f th e  e xh a u s t  gas e s  than  w ou ld  o t h e r ­

w ise  foe no a s ib l e .

. E it h e r  th e ' r e s e a r ch  la b o r a t o r ie s  o f t h e  au tom o t ive  in d u s t r y  c r

Th e  Ke t t e r in g  La b o r a t o r y  m igh t  u n d e r ta ke  a  r e a s o n a bly  co m p le te  s tu d y 

o f,t h e  ch e m ica l n a tu r e  o i.t h e :'<Kxhsust g a s e s , -fr act ion a t in g-th em ,' ir i c ia s s e c 

o f u a b u m e d  hyd r oca.r foono, a n d , in  the ca s e  o f th e  co m b u s t io n  p r o d u ct s ,

.in t o • water*»sa lu b ie  p r o d u cts  -  a c id ic , b a s ic , a ld e h yd ic o r  ke to nic in 

n a tu r e  - a s  w e ll us  the c la s s  o f p y r o ly s is  p r o d u cts s o lu b le  in  o r ga n ic 

s o lv e n t s . Th e  t o x ic it y  c i  e a ch  e£ th ese  c la ss q s- cou ld  foe s tu d ied  try  som e  

a p p r o p r ia te  m e th od  o f a d m it iie t r a  t ie n . in ' o r d a r  to g e t  a ii a p p r o xim a t icr , o f 

th e  exten t  to w h ich  e a ch  m a y  co n t r ib u te  to the p r o ble m . ; som e  t im e  

a  d e c is io n  cou ld  be m ad e  a s  to th e  e xte n t  o f the fur t h e r  w or k  th a t  m a y  

foe a d v is a b le .

It  m igh t  foe p r o fit a b le  to s tu d y ce r t a in  in d ivid u ed  m e m b e r s  o f one 

o r  o t h e r  o f the va r io u s  c la s s e s  lis t e d  a b o ve , both  s e p a r a t e ly  an d  in  

co n ju n ct io n  w ith  o th e r  m e m b e r s  o r  th e  sa m e  o f an o the r  c la s s . In  

p a r t ic u la r , th e  in flu e n ce  o f p a r t icu la t e  m a t t e r  on  th e  t o x ic it y  o f s p e c ific  

a s s o c ia t e d  m a t e r ia ls  m igh t  be m e a s u r e d  to fo r m  a s  es t im a t e  o f the 

im p o r t a n ce  o f fa c t o r s  {c} an d  (©).
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Th e m e th od s  b e in g d eve lop e d  b y o u r  e p id e m io lo gic state' fo r  th e  

s tu d y o f the in flu e n ce  o f a i r  p o llu t io n  upon  th e  h ea lth  o f p e r s o n s  w ith 

c a r d ia c  o r  r e s p ir a t o r y  d is e a s e  in  a n  in d u s t r ia l .com m u n ity m igh t  be 

a d a p te d  to  ■ the. s tu d y o f th e  co n t r ib u t ion  m a d e  b y the p r o d u cts  o f th e  

a u to m o t ive  in d u s t r y , i f a  s u it a b le  n o n -in d u s t r ia l ar e a  w ith  s u ffic ie n t  

t r a ffic  flow  co u ld  b e -lo ca t e d .



2 . P R OP OSE D  TOXICOJLOGIC IN VEST IGAT ION  O F
. T H E E F F LU E N T ^  F R OM  MOTOR VE H ICLE S

' : •; ■■  '■ . : ' ■ j , f . t  . ■ '

Sin ce  th e  e ffe c t s  o f a cu t e  e p iso d e s  o f e xp o su r e  to en gin e  e xh a u s t  

g a s e s  ( I)  upon  the yo u n g, the a ge d  an d  th e  ch r o n ica lly  i l l , an d  (2} upon . 

the w e ll b e in g an d  the l i fe  sp an  o f h u m an  b e in gs , have n ot  been  in v e s - 

t iga t e d ,it  is  d e s ir a b le  to e s t a b lis h  le v e ls  o f t o ler a n ce  to th e se  

co n t a m in a n t s . On e p h a se  o f t h e s e  in ve s t iga t io n s  sh ou ld  in clu d e  the 

e xte n s io n  o f' t o xico lo g ic  in fo r m a t io n  co n ce r n in g the e xh a u s t  g a s e s  fr o m  

both  r e c ip r o ca t in g  and d ie s e l e n g in e s . . -

Sin ce  e xp o su r e  - to t h is  gr ou p  o f ge n e r a l a t m o s p h e ric  .p o llu tan ts'  m a y  

con tin u e  fo r  to 24 h o u r s  p e r  d a y  a s  co n t r a s t e d  w ith  ? or  8 .'hours u n d e r  

con dit ion s  o f in d u s t r ia l a i r  p o llu t io n . it  is  w ise  to co n s id e r  the r e la t io n - 

«.h ip .o f t o le r a n ce  o f a n im a ls  an d  m en  in ..t e r m s  o f int e r m it t e n t  and 

con t in u ou s  e xp o su r e  to low  co n ce n t r a t io n s  o f t h e se  e xh a u s t  fu m e s , in  e xp e r im e n t  

w h ich  c lin ica l an d  fu n ct io n a l t e s t s  m a y  be a p p lie d .

Be fo r e  p r o lo n ge d  e xp o s u r e -is  in ve s t iga t e d , ce r t a in  sh o r t  t e r m  !

e xp e r im e n t s  w ith  a n im a ls  co u ld  be con d u cted  to a s cer t a in  unknow n b a s ic  

fa c t s  in  r e la t io n  to the com b in ed  e ffe c t s  o f m u lt iple  p o llu ta n ts  a t  h igh e r  

le v e ls . Th is  m igh t  s e r v e  a s  a  p r a c t ica l gu id e  in  a n a t te m p t  to e lim in a t e  

(by ca t a ly t ic  o xid a t io n  o r  a b so r p t io n )  fr o m  the e xhau s t  t h o s e  su b s ta n ce s  

w h ich  a r e  m o s t  p o ten t  p h y s io lo g ica lly .

A s ta n d a r d  u n ifo r m  ga s o lin e  sh ou ld  be em p loyed  in  th e  e n gin e  in  

b r ie f an d  p r o lo n ge d  e xp e r im e n t s . Se le ct e d  sa tu r a t e d a lip h a t ic  h yd r o ca r b o n s  

sh ou ld  b e  s tu d ied  s e p a r a t e ly  an d  in  com b in a t ion  to a s ce r t a in  w h e th e r  the 

co m b u s t io n  p r o d u cts  o f two m a t e r ia ls  o f th e  s a m e  typ e  g ive  a  r e s u lt a n t
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t o x ic it y  th a t  la  equal-',to.the* sum . of. the 'tv?a o r  m o r e  o r .' le t s  than. {h ie 

va lu e . .Tfei'» m igh t  be  o o n s id e r e d  from  th : .s tan d p o in t  of. (X) .¿.h yd r o ca r b o n s  

e a ch  w ith 'a n  e ve s  n u m b e r  o f ca r b o n  a t o m s , (2) 2 m a t e r ia ls  e a ch  w ith  an. 

odd n u m b er , ©f ca r b o n  a t o m s  an d  (3) on e h yd r o ca r b o n vritlt a a -e ye p  {¡um ber  

o f Ct itbon  a t o m s  an d  th ? o th e r  con ta in in g an  ..odd n u m b e r  of' ' car , b o n a t o m s . 

T h e ' r e la t io n s h ip  of. s t r a igh t  and b r a n ch ed  ch a in  h yd r o ca r b o n s  might: hu 

co n s id e r e d - T h e ' t o x ic  e ffe c t s  c f un s s t a r s  ted  an d  r in g h yd r o  ca i’bc no coa id  

bo co n gxd cr od , ‘ ■ ■ .. . .

Th e  va p o r s  o f r .H cb va o s , k e to n e s  and. p e r o xid e s  m igh t  be s tu d ied  in  

s.  s im ila . <* m a n n e r  b a th  a s  in d iv id u a l com p ou n d s e.&c  com b in a t ion s. o f . 

ir -n te r ia ls  ■ >v;th the sa m e  fu n ct io n a l gr o u p . . . :

The*.-combined e ffe c is  c f the va p o r  o f 2. ju a t e r ia ls  w ith  '¿iffe r ea t - 

funct ion?»! p r eu n s '  sh ou ld  hr. co n s id e r e d .

Tt sh ou ld  be d e t e r m in e d  -w hether  -.the t o x ic it y  o f the vap r .r  c? one o r  

m o r e  o f d ies .c cor r .pounds irr en h a n csd  o r  d e cr e a s e-3, in  the p r e s e n ce  -cf 

f in e ly  d iv id e d  p a r t icu la t e  m a t t e r  ( fum es . m iu t u , • om ttkcn ).

A s im i la r  p a t t e r n  m igh t  be fo llo w e d  in  the ca s e  o f d ie s e l fu e l.

Tine s e le c t io n  c i  s p e c ific  com  pound 3 fo r  m v e o t iga fic r  wou ld  hi:  

d ep en d en t  upon  th e  co m p o s it io n  cf the  a ct u a l e xh au s t  ga a cs  a a  d e t e r ­

m in ed  by p r a c t ice  and e xp e r im e n t a t io n , kv in ve s t igat in g the e ffe c t s  o f 

in d iv id u a l o r  co m b in e d  m a t e r ia ls , th e  coirsposit iow c f t i e a ir  to w h ich  

a m m a ls  a r e  exp ose d  sh ou ld  be d e te r m in e d  b y  a u a ly s i>'e.T the con ten ts  uf- 

the ch a m b e r , an d  s e le c t e d  t is s u e s  af. the  a n im a ls . sh ou ld  be exam in ed . fo r  

p a th o lo gica l ch a n ge s . M o r t a lit y , gr ow th  cu r v e s , t iss u e  w e igh ts , c lin ica l 

an d  fu n ct io n a l a b n o r m a lit ie s , a e  w e ll a s  th e  m e t a b olic  fa t e  o f the m a t e r ia ls

000392 ? .
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shou ld  be d e t e r m in e d  so fa r  a s  t h e se  m a y  s e e m  to he  fr u it fu l c 

in fo r m a t io n .

Su ch  in ve s t iga t io n s  le a d  e ve n t u a lly  to th e  e s ta b lish m e n t  

s a fe t y  o r  d a n ge r  in  r e la t io n  to e xp o su r e  to t h e s e  „o liu t a n t s , u.

to d is p e l th e  fe a r  o f the un know n .

OOC3928

-f u se fu l

-!J-  cr it e r ia  

e r e  by tend



3. A P  P R OA CKE S TO T H E QUEST ION  O F  T H E POTENTXAJL 
IN DUCT ION  O F  C!m'p N lC;j3 2 SS&3 S BY P .RÜ.LCNGED 
IN H ALAT ION  O F  T H E P R OD UCT S GF  T H E  COM BUST ION

* • C F  KYDP .OCÂP .BONi:

A , W . H

P u b lic  fe a r s  s e e m  to gu a r a n te e  th e  con t in u ed  e x is t en ce  o f th is  

q u e s t io n  u n t il co n vin cin g d a ta  a r e  a s s e m b le d  to  p r ove  th a t  t h e  s it u a t io n  

is  in  h an d . H e n ce , i t  s e e m s  e vid e n t  th a t  we sh ou ld  ta k e  an  a c t iv e  p a r t  

in  in ve s t iga t in g  ce r t a in  a s p e c t s  o f th e  p r o b le m  w h ich  we a r e  e s p e c ia lly

equ ip ped  to  h a n d le . Th o se  p h a s e s  o f th e  w or k w h ich  ca n  be ca r r ie d  

our. b e t t e r  in  a n  in d u s t r ia l la b o r a t o r y  sh ou ld  b e  co o r d in a te d  w ith  ou r  

own w or k by su it a b le  l ia is o n  an d  co n su lt a t io n .

Th e  lo ca t io n  and  e p id e m io lo g ica l s tu d y p i o ccu p a t ion a l gr o u p s  

w h ose w or k in g e n v ir o n m e n t  p la ce s  th e m  in  th e  a b o v e -a v e r a g e -r is k  

ca t e go r y  sh ou ld  be  one o f o u r  e s s e n t ia l e ffo r t s . P er t in e n t  gr ou p s  w ou ld  

in clu d e  n ot  o n ly  th ose  exp ose d  to the ga s o lin e  o r  die s e l e xh a u s t s  d ir e c t ly , 

but a ls o  s p e c ia l gr ou p s  w h ose  e xp o su r e  to p a r t icu lar  com p on en ts  o f 

e xh a u s t  ga s e s  is  a b n o r m a lly  h igh , e .g . , co ke  oven  o pe r a t o r s  exp ose d

to p o ly cy c lic  h yd r o ca r b o n s .

Ou r  ch e m ica l a t t a ck  on  the co m p o s it io n  o f t h e se  m a te r ia ls  shou ld  

b e  c lo s e ly  co o r d in a te d  w ith  the e p id e m io lo g ica l and t o x ico lo g ica l p r o g r a m s . 

Th e  la t t e r  sh ou ld  d e a l p r im a r i ly  w ith  th e  m ix t u r e s  p r o d u ced  b y bu r n in g 

fu e l m ix t u r e s  o f know n  co m p o s it io n  in  a n  e n gin e  u n de ? co n t r o lle d  

o p e r a t in g co n d it io n s . It  w ill p r o b a b ly  b e  d e s ir a b le, i f  fe a s ib le , to 

s e p a r a t e  th e  ca r b o n  m on oxid e  an d  s t e a m  fr o m  th e  le ss  v o la t i le  com p on en ts  

and  e xp o se  a n im a ls  to th e  la t t e r  o n ly . Ha vin g fou n d p r o p e r  con d it ion s
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f o r  p r od u cin g p e r t in e n t  t o x ic  e ffe c t s  in  a  r e p r o d u cib le  m a n n e r  fr o m  su ch  

m ix t u r e s  an d  h a vin g p r o d u ced  a  ch e m ica l p ic t u r e  o f t h e ir  co m p o s it io n , 

th en  m o d ifica t io n s  *in o p e r a t in g co n d it io n s  {en gin e o r  fu e l} sh ou ld  be in t r o ­

d u ced  to a lt e r  th e  co m p o s it io n  in  a  la iow n  fa s h io n . Th e  e ffe c t  o f th e se  

ch a n ge s  on  t o x ic it y  w ou ld  th en  be d e t e r m in e d . By  such  s te p w is e  p r o ce d u r e s  

an d  r e la t e d  t e s t in g o f p u r e  co m p o u n d s , it  sh ou ld  be p o s s ib le  to e s t a b lis h  

w h ich  com p on en ts  o f en gin e  e xh a u s t s  a r e  r e s p o n s ib le fo r  w h ich  to xic 

e ffe c t s , a t  th e  s a m e  t im e  d eve lo p in g s o m e  in fo r m a t io n  on  d e s ir e d  d ir e ct io n  

o f ch an ge  in  en gin e  o p e r a t io n  to. r e d u ce  t h e' t o x ic it y  o f the p r o d u cts  o f- 

co m b u s t io n . v - ■ ■ ■ .

Th e  q u e s t io n  o f ca r c in o ge n ic  e ffe c t s  on the h u m an  r e s p ir a t o r y t r a c t , 

h e m a t o p o ie t ic s y s t e m , an d  ce n t r a l n e r v icu s  s ys t e m  will r e q u ir e  both  the 

a b o vom e n t ion e d  e p id e m io lo g ica l s t u d ie s  an d  the d evelop m e n t  o f s u it a b le  

e xp e r im e n t a l m e t h o d s . In it ia l e ffo r t s  a r e  b e in g taken  in  a  p r o g r a m  to  

le a r n  m o r e  abou t  th e  a p p a r e n t  r e la t io n  be tw een  ch r on ic ir r it a t io n  (e . g . , 

h e a vy  sm ok in g)  an d  th e  r is k  o f h r o n ch io ge a ic ca r c ino m a . Th e  q u es t ion  

h a s  been  p o s e d , an d  is  b e in g in ve s t iga t e d , co n ce r n ing the p o s s ib le  r o le  o f 

m e t a p la s ia  o f b r o n ch ia l e p it h e liu m  is  in cr e a s in g  the  s u s ce p t ib ilit y  o f th is  

t is s u e  to p o ly cy c lic  a r o m a t ic  h yd r o ca r b o n s  {n o r m a lly  p r e se n t  in  sm ok in g 

e xh a u s ts , p a r t icu la r ly  o f d ie s e l e n g in e s ) . If an  adeq u a te  s tu d y o f m a t e r ia l 

fr o m  n e cr o p s ie s  s u gge s t s  o r  d e m o n s t r a t e s  a  d ir e c t  re la t io n  be tw een  the 

e xte n t  o f m e t a p la s ia  an d  s u s ce p t ib ilit y  to b r o n ch ioge n ic ca r c in o m a , then  

we s h a ll s e e k  an  e xp e r im e n t a l a n im a l w hose lu n g ca n b e  p r e p a r e d  fo r  

su b seq u en t  e xp o su r e  to ca r c in o ge n  b y  f i r s t  in d u cin g a  ce r t a in  am ou n t  o f 

' .' .-m etap lasia. ■ ■ ■ ■ ■ . / , ‘ . ' ■ ■  • -• .

Th e  re la t io n  be tw e e n  b e n ze n e  an d  le u k e m ia  s h o u ld  p ro ve  to  be  a n



im po r t a n t  t o e h o ld , Ge r a r d o' s  s ho r t - t e r m  s t u d ie s  o f d ie  t o x ic  e ffe c t s  o f

b e n ze n e  on  the b lo o d -fo r m in g  t is s u e s  c f  r a t s  sh o u ld be  fo llo w e d  u p  b y

m o r e  p o r lo n ge d  e xp e r im e n t s  in vo lv in g la r g e r  gr ou p s  o f a n im a ls . Ca t a ly t ic

r e fo r m in g  is  b e co m in g so  im p o r t a n t  a  s u p p lie r  o f a ro m a t ics  fo r  b len d in g

h igh  o cta n e  ga s o lin e s  to ke e p  u p  w ith  th e  h o r s e p o w er  r a ce  th a t  we m a y  w e ll

fin d  th e  o xid a t io n  o f b e n ze n e  an d  it s  h o m o logu e s  to be  one o f o u r  m a jo r

s o u r ce s  o f t o x ic  in t e r m e d ia t e s  in. en gin e  e xh a u s t s . H e n ce  we sh ou ld  d eve lop  
. . . ' a s  '

a n  e xp e r im e n t a l m e th od  fo r  in d u cin g le u k e m ia  w ith  ben zen e/ on e o f o u r

im p o r t a n t  s te p s  in  t h is  p r o je c t . ' . ,

A n o ta t ion  fr o m  R . T . in  ou r  p e t r o le u m  te ch n o lo gy la b or a t o r y  is

a t t a ch e d  h e r e to  a s  a  m a t t e r  o f in t e r e s t . .
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3 (a ) . MOTE ON T H E COM P OSIT ION  O F  ORGAN IC 
M AT E R IALS IN  EOS AN GE LE S DUST

R . T . ' . ' ■

Th e  ta r r y  p o r t io n  o f t h r e e  s a m p le s  o f Eo s  An ge le s  d u s t  had  b een  

e x t r a c t e d  b y b e n ze n e . We s u b je ct e d  th e  e x t r a c t s  to  fr a ct io n a t io n  to 

d e t e r m in e  th e  r e la t iv e  a m ou n ts  o f ce r t a in  c la s s e s  of o r ga n ic co m p o u n d s , 

a s  in d ica te d  in  the a t ta ch e d  t a b le . Th e  p r o ce d u r e s  e m p lo ye d  in clu d ed  

e x t r a c t io n  w ith  aq u e ou s  b a s e s  an d  a c id , an d  ch r o m a to gr a p h y o f th e  

m a t e r ia ls  r e m a in in g in  th e  o r ga n ic  p h a s e .

:: : Accu r a cy  -  Th e  a ccu m u la t e d  e xp e r im e n t a l e r r o r s m a y  h ave

to ta le d  a s  m u ch  a s  2 m g . in  th e  ca s e  o f ce r t a in  o f the fa c t io n s . F u r t h er , 

so m e  o ve r la p p in g o f s u b d iv is io n s  w as to be  e xp e ct e d. H e n ce , n one o f 

th e  a p p a r e n t  d iffe r e n ce s  in  co m p o s it io n  be tw een  the th r e e  s a m p le s  is  to 

b e  r e ga r d e d  a s  s ign ifica n t .

Su m m a r y  -  Th e  t a r r y  m a t e r ia ls  e xt r a ct e d  by b en aen e  fr o m  th r e e  

s a m p le s  o f Eo s  An ge le s  d u s t  con ta in  a p p r o xim a t e ly  50 p e r  ce n t  o f 

e s s e n t ia lly  n e u t r a l com p ou n d s , ab ou t  40  p e r  ce n t  o f o r ga n ic a c id s  and  

r e la t e d  p o la r  co m p o u n d s , an d  a  t r a c e  o f o r ga n ic  b a se s . Th e  n a tu r e  o f the 

s a m p le s  r e ce iv e d  fo r  a n a ly s is  d oes  n ot  p e r m it  an y es t im a t e  o f the 

q u a n t it ie s  o f ga s o lin e  h yd r o ca r b o n s  o r  t h e ir  v o la t ile  d e r iva t ive s  w h ich  m a y 

b e  p r e s e n t  in  Lo s  An ge le s  d u s t .

t f S  00 0 3 9 3 2
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4 . SUGGE ST ED  P R OGRAM S F O R  T H E IN VEST IGAT ION  
OF  AIR  P O LLU T IO N  W ITH S P E CIA L  BUT  NOT 
E XCLU SIVE  R E F E R E N CE  T O M OT OR VE H ICLE S

■ ■■ ■ ’ ' . ■ J .  C . ■ ■ , :

1 . Th e  na tu r e  o f th e  a i r  p o llu ta n ts  n e e d s  to  b e  d e t e r m in e d  in  a  

co m p r e h e n s ive  m a n n e r . An y  p r o gr a m  o f s a m p lin g w h ich is  u s e d

sh ou ld  su p p ly  in fo r m a t io n  co n ce r n in g th e  d iu r n a l var ia t io n s  a s  w e ll a s
. ■ . ' ■ . ' the

t iie  aver age®  an d  r a n ge s  o f th e  co n ce n t r a t io n  o f a  n u m b er  o f/ s p e cific

p o llu t a n t s .

2 . Be ca u s e  o f the w ide p u b lic it y  g ive n  th e  a p p a r e n tly  u n iq u e

fin d in gs  o f the  Lo s  An ge le s  b a s in , th e  p r o gr a m  sh ou ld  co m p a r e  th e  

fin d in gs  in  th a t  a r e a  w ith  t h o s e  w h ich  ch a r a c t e r iz e ce r t a in  o th e r  h e a v ily  

in d u s t r ia lis e d  c i t ie s . *

3 . In  e a ch  c it y  to  he in ve s t iga t e d , s e v e r a l s a m p ling s it e s  sh ou ld  

b e  ch o se n ; one o f t h e s e , a t  le a s t , sh ou ld  be  s it u a te d  in  a  h e a v ily  

in d u s t r ia lize d  a r e a , w h ile  o th e r s  sh ou ld  b e  r e la t e d to h e a vy m o t o r  t r a ffic  

an d  to s it u a t io n s  fr e e  o f both in d u s t r y  an d  m o t o r  tr a ffic .

4 . Sa m p lin g p r o gr a m s  sh ou ld  b e  o p e r a te d  on  a  y e a r  rou n d , con ­

t in u ou s  b a s is , an d  t ie d  in  w ith  m e t e o r o lo g ica l o b s er va t io n s  su ch  a s  

t e m p e r a t u r e , r a in fa l l , w ind d ir e c t io n  an d  v e lo c it y , h e igh t  o f in ve r s io n  

la y e r , an d  th e  am ou n t  o f s u n s h in e , e t c .

5* W h en e ve r  p o s s ib le , con t in u ou s  r e co r d e r s  sh ou ld  be  em p loyed  

fo r  th e  d e t e r m in a t io n  o f co n t a m in a n t s . Eq u ip m e n t  is a v a ila b le  fo r  th e  

con t in u ou s  r e co r d in g  o f the co n ce n t r a t io n s  o f O3, SO*, CO an d  h a ze .

6 . So m e  o f th e  p o llu ta n ts  w ill n eed  to  b ^ p o ilected  by in t e r m it t e n t  

sa m p lin g t e ch n iq u e s  fo r  m o r e  s p e c ific  id e n t ifica t ion  an d  m e a s u r e m e n t .
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7 . The lo a d in g o f the a t m o s p h e r e  b y p a r t icu la t e  m a t t e r  and the 

n a r u r e  o f the la t t e r  ¡should b e  d e t e r m in e d  f  r o m  m at e r ia l co lle c t e d  a t  e a ch  

s t a t io n  by m e a n s  o f a  la r g e  vo lu m e  s a m p le r , o p e r a ted  fo r  24 h o u r s . 

An a ly s is  o f t ir es © s a m p le s  sh ou ld  in clu d e  t h e  d e t er m in a t io n  o f th e  to ta l 

vw eigh t  o f p a r t icu la t e , m a t t e r , t o ta l o r ga n ic  o r  b en zo l e xt r a ct a b le , m a t e r ia l, 

a c id ic  io n s ,'su ch  a s  s u lfa t e , n it r a t e , ch lo r id e , flu o r id e  an d  p h osp h ate , and 

a s  m a n y m e t a ll ic  con st itu en ts  ib ie . Th e  la t t e r  sh ould  in clu d e  le a d ,

b e r y ll iu m , a r s e n ic , ch r o m iu m , va n a d iu m , an d  o th e r  p ot e n t ia lly  io xic

Diu r n a l v a r ia t io n' in  th e  - co n ce n t r a t io n  o f b a s e  an d  ce r t a in  m e t a ls  can  

b o  d e t e r m in e d  fr o m  the a n a ly s is  o f m a t e r ia l co lle c te d  on p a p e r  ta p e s  in  

a u t o m a t ic d u s t  s a m p le r s ,s u ch  a s  the A . I .S .L  sm o k e  sa m p le r .

8 . Th e  n a tu r e  o f the o r ga n ic  m a t t e r  p r e se n t  in  the p a r t icu la t e  m a t te r

sh ou ld  be d e t e r m in e d  by a p p r o p r ia t e  m e t h o d s ./ ou ch  in fo r m a t io n  would  be 

u s e fu l h- ce to r r n in e  the co n t r ib u t io n  ox autornobd,©  exh au sts , to a ir  p u liu iio n . 

Th is  p a r t  o f the p r o gr a m  sh ou ld  be t ied  in  w ith  ..a; la b o r a t o r y  iti  t igiihion. o f 

t h e  p r ^ uuct^  er&itced by  Uio a u t o m o b ile . ^

{In con n e ct io n  w ith  it e m s  7 an d  8 , it  is  o f in t e r e st  to n ote  t lia t  ou r  

in ve s t iga t io n  o f the p a r t icu la t e  m a t t e r  in  Dos An gela s  fr o m  Au gu s t  th r ou gh  

No ve m b e r  o f 1934 show s t h a t .i t  t im e s , d ie  s u lfa t e , n it r a t e  an d  o r ga n ics  

co n s t it u te  m o r e  t itan  5011- o f the t o t a l p a r t icu la te  m a t t e r .)

9 . Th e  typ e  o f in ve s t iga t io n  in d ica t e d  in  7 an d  3 sh ou ld  be t ie d  in  

w ith  a  p r o gr a m  in  w h ich  ce r t a in  ga s e o u s  co n tam in a n ts  a r e  a ls o  d e t e r m in e d . 

Th e  s ta te  o f the s u lfa t e , n it r a t e , o r  o r ga n ic  m a t t er  p r e s e n t  a s  p a r t icu la t e  

m a t t e r  m a y p r ove  to be m o r e  an n oyin g o r  d a m a gin g than  th e  ga s e o u s
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p r e c u r s o r s , su ch  a s  S 0 * ,N 0 2, a n d g a s e o u s  h yd r o ca r b o n s, an d  th e  

r e la t io n s h ip s  b e tw een  t h e s e  m a t e r ia ls  sh ou ld  b e  e s ta b lis h e d .

10. Th e  p r o gr a m  fo r  th e  f i r s t  y e a r  sh ou ld  b e  a s  co mp r e h e n s ive  a s  

is  p o s s ib le  in  o n ly  tw o c i t ie s , on e o f w h ich  sh ou ld be  Lo s An g e le s . Â  

s p e c ia l e t e w  ca n  b e  h ir e d  to m an  th e  s t a t io n , o r  s ta t io n s , in  L o b 

An g e le s . ËKCep t  fo r  t h e  in fo r m a t io n  su p p lie d  b y  cont in u ou s  r e co r d e r s ,

s t a ff u s in g a p p r o ve d  s ta n d a r d  m e t h o d s . -

i I .  Sa m p lin g an d  a n a ly t ica l m e th od s  sh ou ld  b e  r evie w ed  p e r io d i­

c a l ly , and  a  r e s e a r ch  p r o gr a m  fo r  d eve lo p in g im p r o ve d  m e th od s  fo r  

co lle c t in g  an d  a n a lyz in g p o llu te d  a i r  sh ou ld  be , a  p a r t  o f a n y  p r o gr a m  w h ich  

is  in s t it u t e d . ; . : . ,

12 . Sit e s  o th e r  th an  Los  An ge le s  sh ou ld  be  s e le c t e d  an d  ch an ged

i f n e ce s s a r y  fo llo w in g fr e q u e n t  r e v ie w  o f th e  d a ta  b e in g co lle c t e d , Su ch
■ : ■ ■ ■ ' ■■ ■ ■ ■  ■ .■■■ ■ ■ . . .■ ■ ■ ■ ■  ■

' ' V ■ V'4',.' . : ■, ' ' : , '. V " ' ' * ■ ■ ' ... . ’■ . ^
r e v ie w s  sh o u ld  a ls o  be  u se d  to d e cid e  the co u r s e  o f fu tu r e  in v e s t iga t io n s .

'■ i.. ‘ ■ ■  ' ' ■■  '■  .. ■ ■  ■■ ■ ■  ■ .
■  ■  ■  ■  ■ ■ ■  ■  "■ ■ ■  '  ■  ■  ■  '■  ■ ■
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MEM ORAN DUM  ON  VARIOUS M EAN S O F  AP P R O ACH  TO
T H E IN VEST IGAT ION  O F  AT M OSP H E R IC P O LLUT IO N  AS
IT .R E LA T E S TO T H E E XH AUST S AN D OT H ER E F F LU E N T S 

F R OM  M OT OR VE H ICLE S

' ■ ■ ■ ' '  . ■■ ■ ’ / v  , .. '"

Th e  pr e s e n t  Me m o r a n d u m  is  n o t  in ten d ed  to  g ive  co m p le t e  o r  

d e t a ile d  co n s id e r a t io n  to  th e  p r o b le m s  o f p u b lic h ea lth  th a t  a r is e  cu t  

o f t h is  a s p e ct  o f a t m o s p h e r ic  p o llu t io n . Ra t h e r  it  I s  p r e d ica t e d  on  th e  

fa c t  th a t  we in  the Ke t t e r in g  La b o r a t o r y , am o n g u s , h a ve  a  co n s id e r a b le  

b a ckgr o u n d  o f kn ow led ge  an d  e xp e r ie n ce  w h ich  we ca n tap  w hen  th e  t im e  

is  r ip e , and th a t  th e  gr ou p  to  w h ich  th is  m e m o  Is  dir e ct e d  a ls o  h a s  m u ch  

in fo r m a t io n  a t  han d  an d  a  v e r y  co n s id e r a b le  a w a r e n es s  o f it s  own p r o b le m s . 

Ou r  p u r p o se  is  to in d ica t e  ce r t a in  r a t h e r  b r o a d  p a th w ays fo r  in ve s t iga t io n  

and  to s u gge s t  w h ich  o f t h e se  m igh t  f i r s t  be  e n t e r ed , the m a in  view p o in t  

b e in g th a t  th e  ge n e r a l s e t  o f p r o b le m s  w ill b e  w ith u s  fo r  so m e  t im e  and 

th a t  a  lo n g -t e r m  p r o gr a m  o f in ve s t iga t io n  would s e em  not  o n ly  to be 

ju s t ifie d  but n e ce s s a r y . : .■ ■ ..■ ■ ■  ;

Th er e  a r e , we b e lie v e , ce r t a in  b a s ic  a s p e ct s  o f the m at t e r  o f 

a t m o s p h e r ic  p o llu t ion  b y m o t o r  v e h ic le s , w h ich  n eed to  be looked  a t  s t e p ­

w ise  an d  s y s t e m a t ica lly  o v e r  s o m e  co n s id e r a b le  p e r io d  o f t im e . It  would 

s e e m  w ise  to p lan  a  p r o gr a m  o f w or k  in  su ch  a  w ay as  to a t t a ck  th e se  

b r e a d  p r o b le m s  a s  th e  p r im a r y  bod y o f th e  in ve s t igat ive  p r o g r a m , an d  

to p r o v id e  fo r  s p e c ia l e xp e r im e n t a l fo r a y s  in to  co lla t e r a l is s u e s  fr o m  

t im e  to t im e , a s  c ir cu m s t a n ce s  a p p e a r  to ju s t ify  o r d em a n d . Th e  n u m b er  

on e  p r o b le m  is  t o x ico lo g ic  in  c h a r a c t e r , u s in g th e  t e r m  in  it s  b r oa d  s e n s e , 

a s  th e  m e th od o logy w h e r eb y m u ch  ca n  b e  le a r n e d  ab out  t h e  in ju r io u s  

e ffe c t s  o f a  su bstan ce  o r  gr o u p  o f s u b s t a n ce s  u n d e r h igh ly  v a r ie d  co n -
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( lit t o n s . What a r e  th e  e ffe c t s  o f h u m an  e xp o s u r e  to  th e  in d iv id u a l and 

co lle c t iv e  com p on en ts  c£ th e  e xh a u s t  an d  o t h e r  e fflu e n t s  a t  va r io u s  le v e ls  

o f co n ce n t r a t io n  an d  in  v a r io u s  co m b in a t io n s  ? (Th e a t t a ck  on  th is  p r ob le m  

in vo lve s  a  fa i r ly  co m p r e h e n s ive  kn ow led ge  o f th e  com p on en ts  o f th e  e fflu en t  

s t r e a m s , t h e ir  p h ys ica l a n d  ch e m ica l State®  an d  th eir , in t e r a c t io n s  w ith  e a ch  

o t h e r  an d  with, o t h e r  m a t e r ia ls  in .t h e  general" atm osphere u n d e r  t h e  co n d i­

t ion ® 'tha t  m a y  e x is t  w ith  r e s p e c t  to  t e m p e r a t u r e , h u m id it y , in t e n s it y .of

s o la r  ir r a d ia t io n ,- e t c . It  ie  a s s u m e d  th a t  t h e s e  m atter®  w ou ld  be in ve s ­

t iga t e d  b y 'Others»,'. &e fo r  e xa m p le , by the- t e ch n o lo gis t s , in  in d u s t r ia l 

la b o r a t o r ie s . B u t 'w h e th er  an d  by what m e a n s  th is  is  fe a s ib le  an d  d es ir ab le -" 

is  nc?- c le a r . Ce r t a in ly  som e  d e gr e e  o f co o r d in a t io n o f e ffo r t  w ou ld  be , 

' d e s ir a b le :fo r  both  t e ch n ica l an d  e co n o m ica l r e a s o n s . ) : ;

B r ie f m e m o r a n d a  on  w o r k  o f va r io u s  t y p e s , p r e p a r e d  by s e v e r a l 

a e r o'a o r o  o f the s t a ff o f th e  la b o r a t o r y  a r e  in s e r t e d , es s e n t ia lly  u n ch an ged , 

a t  t h is  p o in t , m e r e ly  a s  m a t t e r s  fo r  co n s id e r a t io n . Ot h e r  w ays ;.f ' 

in it i a t in g  th is  w or k  cou ld  »e  s u gge s t e d .-' I t  is  o f th e  g r e a t e s t  p r a c t ica l 

im p o r t a n ce  th a t  it  >-*<3 r e co g n iz e d  that  l i t t le  o r  a o .in fo r m a t io n  is  stow 

a v a ila b le  a® to the com b in er ! e ffe c t s  o f -su b s ta n ces  w h ich  in d iv id u a lly  a r e  

b e low  the t h r e s h o ld  o f t o x ic  co n ce n t r a t io n . Th is  is on e  o f th e  m o s t  

fu n d am e n ta l d e fe ct s  o f p r e s e n t  t o x ico lo g ic  kn o w le d ge , an d  it  m u s t  be m e: 

and d e a lt  w ith  in  t h is  ge n e r a l p r o b le m  o f a i r  p o llut io n . \ •,

Th e  m e m o r a n d a  r e fe r r e d  to a b o ve  a r e  a t ta ch e d  h e r e t o. Th e y can  

be  e n la r ge d  upon  an d  a  w e ll d e fin ed  p r o g r a m  o f in ves t iga t io n  ca n  be 

d e s cr ib e d , i f  an d  w hen  it  m a y  s e e m  to b e  ju s t i fie d . Th e  co s t  a s s o c ia t e d  

w ith  th e  p r o s e cu t io n  o f the p r o g r a m  can  a ls o  he  e s tim a t e d  w ith  r e a so n a b le  

p r e c is io n  on a  t im e  b a s e . Bop or to  an d  p u b lica t io n s  o f p r e v io u s  r e le va n t
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it e m s  o f w o r k  can  be  su p p lie d , i£ t h e s e  a r e  r e q u ir e d  o r  i f th ey w ill s e r v e  

a  u s e fu l p u r p o se  in  i l lu s t r a t in g  th e  m ethod® , sco p e a n d  p r o fic ie n cy  o f 
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