
F e b r u a r y  22, 1962

M em o t o : D r . R o b e r t  A . Keh oe 

F r o m : T . St e r l in g

Su b je c t : ' A n a ly sis o f C a l i fo r n ia  T M L Stu dy

Th e ch an ge s o b se r v e d  in  th e e xc r e t io n  o f le a d  an d  in  th e b lood  p ic t u r e  
A w o r k e r s (who sw it ch ed  fr o m  h an d lin g T E L  con tain ing p r o d u c t s t o  
t h ose  con tain in g T M L) a r e  o f su ch  c o n sist e n c y  an d  magn it u d e  a s  to  
p r e c lu d e  an y  ch an ce fa c t o r s .  Th e p a t t e r n  o f r e su l t s w ou ld  o r d in a r i ly  
fo r c e  on ly  on e co n c lu sio n  on  th e in v e st ig a t o r ; n am ely , th at  u n d er ly in g 
ch an ges in  p h y sio lo gy  o r  b od y  c h e m ist r y  h ad  t ak en  pla c e  d u r in g th e 
p e r io d  su b je c t s h an d led  T M L. I t  i s  t r u e  t h a t  th e d ata  w e r e  c o l le c t e d  
in  a  som ew h at  h ap h azar d  an d  c a v a l ie r  fash io n . H ow ever , th e m o st  
im p o r t an t  fin d in gs a r e  b a se d  on  la b o r a t o r y  a n a ly se s o f u r in e  an d  b lood  
sa m p le s an d  m ay  be ab ove  r e p r o ac h .

2i i s  a  g r e a t  m isfo r t u n e  t h at  th e m e d ic a l  fo llow - u p  d a ta  t u r n ed  ou t  to  
be u se le ss .  Th e r e su l t s  av a i la b le  n ow  w ou ld  m ak e  i t  ap p e a r  d e si r a b le  
to co m p le t e  th e co l le c t io n  o f a l l  th e d a t a  an d  do it  in  th e fo r m  o r ig in a l ly  
p lan n ed  a s  w e ll a s  t o .e x t e n d  th e fo l lo w - u p  on  th e la b o r a t o r y  a n a ly se s fo r  
an  ad d it io n a l y e a r .

Le a d  L e v e ls in  U r in e  an d  Blo o d

1. D ata  on  le a d  in  b lood  an d  u r in e  v /e r e  a lm o st  co m ple t e . F iv e  u r in e  
sa m p le s: w e r e  o b t a in ed  d u r in g th e y e a r  o f stu d y  w h ile tw o b lood  

_ sa m p le s w er e  t ak en , on e in  th e begin n in g th e o t h er  a t  th e en d  o f 
th e st u d y . T h e se  d a ta  a r e  p r e se n t e d  in  a  se r i e s  o f t a b le s a t  th e 
en d  o f t h is’ m e m o . .C o n secu t iv e  e xam in a t io n s a r e  ide n t i fie d  a s 
"R o u n d s" on e to  f iv e . Th e n u m b e r  o f sa m p le s a r e  given  in  th e 
se co n d  co lu m n  o f each  t a b le . S t a t i s t i c a l  ev a lu a t io n o f d i ffe r e n c e s 
o b se r v e d  b e tw een  co n se cu t iv e  r o u n d s a r e  b a se d  on  A na ly se s o f 
V a r ia n c e . Th e s t a t i s t i c a l  a n a ly s isr i s  m ad e  e x t r e m e ly  co m p le x  by 
th e fa c t  t h at , w h ile m o st  m e a su r e « % /ere  m ad e  r e p e at e d ly  on  th e 
sa m e  su b je c t s, n ot  th e sa m e  n u m b er  o f su b je c t s w as t e st e d  each  
r ou n d . Th e a n a ly se s a r e  n ot  r e p r o d u ce d  h e r e . W hen th e p r o b ab i l i t y  
o f fin d in g, by  ch an ce , a  v a r ia t io n  am on g m e an s a s  la r g e  a s  th e one
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observed was sm aller  than . 05, a s t e r i s k s  w e r e  p lac e d  on  th e 
table. (F o r  example, th e means on  T a b le s 1, 2, 3, an d  4 d i f fe r  
w ith  acceptable s t a t i s t i c a l  r e l ia b i l i t y . T h is i s  in d ica t e d  b y  p lac in g 
aster isks on  each  sid e  o f * T ab le  1* , * T ab le  &  , e t c . )

Le v e l s  o f le a d  in  u r in e  an d  b lood  a s  w e ll a s  u r in e  vo lu m e an d  sp e ­
c i f ic  g r av i t y  a r e  g iv en  in  T a b le s 1 to 5 fo r  a l l  w or k e r s com b in ed , 
in  T ab le s 6 to 10 fo r  v /o r k e r s in  San  F r a n c isc o , an d  in  T a b le s 11 
to 15 fo r  w o r k e r s in  JLos A n ge le s. T h e r e  i s  an  o b v ious, c o n sist e n t  
an d  st a t is t ic a l ly  sign i f ic a n t  d ec lin e  in  th e le a d  con ten t  o f b lo o d  an d  
u r in e . T h is co n c lu sio n  i s  r e in fo r c e d  by  th e p r o g r e ss iv e  d ec lin e  in  
u r in e  le ad , o v e r  th e p e r io d  o f th e stu d y , t o w ar d  a  n ew  st ab le  st a t e . 
Su ch  a  p r o g r e ssio n  w ou ld  b e  e xp e c t e d , on  b a s i s  o f th e le a d  ch am b e r  
st u d ie s, w h en ever  th e b u r d en  o f en v ir o n m en t a l le a d  d e c r e a se s.  
(St a t ist ic a l  sign i f ic a n c e  am on g u r in e  v o lu m e s fo r  "A l l  D ata" i s  n ot  
acco m p an ie d  by  an y  sy st e m a t ic  in c r e a se  o r  d e c r e a se  an d  m ay  be 
d isc a r d e d  a s  sp u r io u s.)

T h r e e  o ccu p at io n a l su b gr o u p in gs w er e  sin g le d  ou t , who w ou ld  h ave  
r e la t iv e ly  u n ifo r m  e x p o su r e . T h e se  w e r e  se r v ic e  st at io n  at t en d an t s 
in  San  F r a n c isc o  (T a b le s 16 to 20), se r v ic e  st a t io n at t en d an t s in  
Lo s A n ge le s (T a b le s 21 to 25) an d  B le n d e r s (T a b le s 25 to 30 -  a l l  
B le n d e r s a r e  lo c a t e d  in  San  F r a n c isc o ) .  A ga in  le a d  in  u r in e  an d  
b lo o d  d e c r e a se s fo r  a l l  o ccu p a t io n s. I t  i s  in t e r e stin g  to  n ote t h at  
th e d e c r e a se  a p p e a r s to  b e  m o st  p r on ou n ced  fo r  B le nd e r s.

Blo o d  A n a ly se s

A. s e r i e s  o f la b o r a t o r y  t e s t s  on  r e d  an d  w h ite b lood  c e l l  cou n ts w er e  
m ad e . Not  a l l  cou n ts w e r e  r e p e a t e d  so  th at  c o m p a r iso n  d ata a r e  
lack in g fo r :

H e m at o c r i t  -  P e r  Cen t  
R e t ic u lo c y t e s -  P e r  Cen t  
M . V .C .

. M .C .H .
M .C .H . C.
P o ly s - M e tam y e lo cy t es 
M or p h o logy  •
P la t e le t s

C o m p a r iso n s o f th e cou n ts l i s t e d  ab o ve  cou ld  n ot  be m ad e .
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Th e d ata w er e  co m p le t e  fo r  c o m p a r iso n s on  
c e l l  cou n ts;

R ed  Blo o d  Coun t  
H em oglob in  -  g r a m s 
Color* In d ex
W hite Blo o d  Coun t
P o ly s- N e u t r a l  T o t a l p e r  Cen t
P o ly s- F i la m e n t e d  P e r  Cen t
P o ly s- N o n fi lam e n t e d  P e r  Cen t
Rym ph ocy te s
M on ocy tes
E a sin o p h i le s
Ba so p h i le s

th e fo llow in g b lood

(T ab le  31) 
(T ab le  32) 
(T ab le  33) 
(T ab le  34) 
(T ab le  35) 
(T ab le  36) 
(T ab le  37) 
(T ab le  33) 
(T ab le  39) 
(T ab le  40) 
(T ab le  41)

Th e b lood  c e l l  cou n t  i n c r e a se s c o n sist e n t ly  (e xce p t fo r  .Lym ph ocytes]}.
Not  a l l  i n c r e a se s a r e  s t a t is t i c a l l y  s ig n i ­

f ic an t ; h ow ever , sin ce  a l l  i n c r e a se s  a r e  in  th e same  d ir e c t io n , t h e r e  
can  b e no doubt  a s  to  th e o v e r - a l l  ch an ge in  th e b lo o d  cou n t .

One v e r y  in t e r e st in g  fa c t  e m e r ge s fr o m  th e in sp e c t io n  o f c e l l  cou n ts 
In  e ach  c a se  th e ch an ge i s  f r o m  a  low  n or m a l  to  t h e m e an  o f th e 
d ist r ib u t io n  w h ich  d e fin e s n o r m a l b lood  c e l l  cou n t . In  th e c a se  o f
Ly m p h o cy t es th e ch an ge i s  fr o m  a  h igh  n o r m a l to th e 

Th e b lood  d ata a r e  too fr a gm e n t a r y  to p e r m it  fu r t h er

m ean .

b reak d ow n  by
c it y  o r  o ccu p at ion .

Som e C o n c lu sio n s

Th e co n sist e n t  ch an ge s d e m o n st r a t e d  by th e d ata le ad , w ith ou t  d isp u t e , 
to th e co n c lu sio n  th at  t h ey  r e f le c t  fu n d am en tal ch an ges o f p h y sio lo gy  o r  
body  c h e m ist r y  en gen d e r ed  by  th e ch an ge in  le ad e d  ga so l in e . Th e t o t a l  
p a t t e r n  o f r e su l t s  i s  su ch  t h at  even  i f  n on e o f th e ch an ges w ou ld  h ave 
r e ach e d  an  a p p r e c ia b le  m agn it u d e  o f s t a t is t i c a l  sign ific it n ce  th e fo r m e r  
co n c lu sio n  w ou ld  h av e  to  b e r e ach e d . T h e r e  i s  n o q uest ion , t h e r e fo r e * 
o f s t a t i s t i c a l  m ag ic  o r  m an ip u lat io n  on  w h ich  co n c lu sio n s ¿ire b a se d .

Tw o b a sic a l ly  d iv e r gen t  in t e r p r e t a t io n s o f t h e se  fin d in gs a p p e a r  to  be 
p o ssib le . (Th e a l t e r n a t iv e s w e r e  d e r iv e d  th rou gh  d isc u ssio n s w ith  
H or ton , Ch o lak  an d  G r u p p . )

\ A. T M L p r o v id e s le a d  w h ich  i *  d e p o sit e d  in  so ft  ti ssu e  in  e x c a s s f #  
\  •ddse&atioa.« Th e r i se  in  b lood  c e l l  coun t  m ay  be a  co m p e n sa t o r y
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react ion 's for/example, to interference ~^th blood oxygenation 
across the lung t issue as a reaction to organic lead deposited there. »

' ’ • ' I  ’' . , .Because of the increased volatility of th^gasoUne, lead is either A
inhaled in smaller/or exhaled in larger amdtmts.i'TiHe body burden ̂  P 
of lead being decreased the amount foundin urine and blood declines * ' 
to a new stable state and the increase in blood cell count represents 
the reaction of the bone marrow to the decreasing amount of lead in 
surrounding t issue and blood supply and a return to a more normal 
(if such an expression baa be .used) state bf ihe blood cells.

Sin ce  hypothesis A would indicate heightened toxicity to relatively small 
occupational exposure,one would expect that this increase in toxicity . 
would have been spotted during the manufacture of TML-, where v/orkers 
are exposed to much higher concentrations of lead in the atmosphere 
than are the occupations present in th is study. However th is was not .the 
case in the plants of the Ethyl Corporation. Hypothesis B appears more 
reasonable and there is then substance to the conclusion that TML pre­
sents less of a lead hazard than does TEB under normal procedures of
handling. jo-* • «£*tÂ-4.A TT
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